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CEPHALIN. 


Vil. THE GLYCEROPHOSPHORIC ACID OF CEPHALIN. 


By P. A. LEVENE anp IDA P. ROLF. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 


(Received for publication, August 2, 1919.) 


The generally accepted structural formula of cephalin is as 


follows: 
H.C — O— COC,;H;; 
| 
H C —O— COCyH:; 
| 
H.C —-O—P=0 


ri 


OH O— CH.CH.NH2 


This conception presumes the existence of glycerophosphoric acid 
in the molecule of cephalin. Thudichum,' who discovered cepha- 
lin, also was the first to make this assumption. Every other 
worker who followed Thudichum made similar assumptions. 
Parnas* was the first to call attention to the lack of evidence in 
favor of the theory, though admitting the possibility of its cor- 
rectness. MacLean in his monograph on ‘Lecithin and allied 
substances”? presents a very lucid summary of the weak points 
of the theory. 

The main objection to the conclusions of the older writers 
lies in the fact that the material employed by them was not a 
pure cephalin but a mixture of this substance with lecithin. 

In recent vears, Frankel and Dimitz’ claimed to have identified 
glycerophosphoric acid as a component of cephalin. Unfortu- 
nately the evidence presented by these investigators is not con- 


! Thudichum, J. L. W., The chemical constitution of the brain, London, 
ISS4. 

? Parnas, J., Biochem. Z., 1909, xxii, 411. 

3 Friinkel, S., and Dimitz, L., Biochem. Z., 1909, xxi, 337. 
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vincing since they have failed to substantiate their claim with 
satisfactory analytical data. The analytical data are limited to 
one element; namely, barium. 

Regardless of the meager proof of the nature of their 
substance, Friinkel and Dimitz have laid claim to a second very 
important discovery; namely, that the glycerophosphoric acid 
derived from cephalin was the optical isomer of the corresponding 
substance occurring in lecithin. 

Willstitter and Liidecke* found that the glycerophosphoric acid 
obtained from lecithin was optically active and levorotary. 
The substance obtained by Friinkel and Dimitz was dextrorotary, 
and hence followed the claim that it was isomeric to the substance 
described by Willstitter and Liidecke. 

The presence of glycerophosphoric acid in the cephalin molecule 
seemed a priori quite probable in the light of facts discovered in 
recent years. Simultaneously, Foster' and Levene and West® 
have shown that glycerol is present in cephalin in the quantity 
required by the generally accepted theory. 

Furthermore, it was found that the basic part of cephalin is 
amino ethyl alcohol, and that in this base the alcoholic group 
only is substituted, the amino group remaining free. 

Theoretically there are only two alternative ways in which 
glycerol may be attached to the phosphoric acid, either directly 
(forming glycerophosphoric acid) or indirectly. If the linking 
were indirect, then the glycerol would be attached to the ami- 
noethanol. If that were so, then the amino group could not be 
free in the molecule of cephalin. Thus the presence of glycero- 
phosphoric acid in cephalin could have been accepted even be- 
fore the substance was actually isolated, although for the final 
proof, the isolation of the substance would have been desirable. 
On the other hand, without isolating the substance there was no 
way to reach a decision as to which of the possible isomers of 


glycerophosphoric acid is the oné present in the molecule of 
cephalin. True, the optical rotation of hydrolecithin and of 
hydrocephalin is practically identical in direction and magni- 
tude. Levene and West? have pointed out that this fact may be 


4 Willstatter, R., and Liidecke, K., Ber. chem. Ges., 1904, xxxvil, 3753. 
5 Foster, M. L., J. Biol. Chem., 1915, xx, 403. 

6 Levene, P. A., and West, C. J., J. Biol. Chem., 1916, xxiv, 50. 

7 Levene, P. A., and West, C. J., J. Biol. Chem., 1918, xxxv, 287. 
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interpreted to signify that the glycerophosphoric acids in the two 
substances are identical. This conclusion contradicts the theory 
of Frinkel and Dimitz. Hence it became necessary to choose 
between the two views, and, in order to make the choice intel- 
ligently, an effort was made to isolate the glycerophosphoric 
acid of the cephalin molecule. 


Glycerophosphoric Acid from Lecithin. 


The present communication contains a report on the prepara- 
tion of glycerophosphorie acid from both cephalin and lecithin. 
The latter was prepared for the following reasons. First, Will- 
stitter and Liidecke* stated that the magnitude of the optical 
rotation of the glycerophosphoric acid from lecithin differed 
depending on the mode of preparation. Second, the directions 
for the preparation of the substances given by these authors are 
so meager that any one repeating the work could have no assur- 
ance that he was following exactly the conditions of Willstitter 
and Liidecke. Under such circumstances if the glycerophosphoric 
acid prepared by us from cephalin was found different from the 
one of Willstitter and Liidecke, the difference could have been 
ascribed not to the inherent properties of the substance, but to 
the manner of its preparation. 

The glycerophosphoric acid obtained by us from lecithin 
resembled the one obtained by Willstiitter and Liidecke, in respect 
to the direction of its rotation. It was levorotary. However, 
the magnitude of the rotation of our substance was lower than 
the maximum rotation found by the earlier workers. The dif- 
ferences are probably due to differences in handling, since all 
the samples were partially racemized. 


The maximum rotation found by us was [a], = —0.74, by the 
other writers [a],, = —1.71,. 


In a general way the crude substance was prepared in the 
manner indicated by Willstitter and Liidecke. However, for 
purification it was found convenient to convert the barium salt 
into the lead salt, to purify the lead salt, and then to reconvert 
this into the barium salt. 

As a rule, the hydrolysis was brought about at room tempera- 
ture; however, for the sake of comparison one experiment was 
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performed by boiling the hydrolysis mixture. This variation in 
the condition of hydrolysis remained without influence on the 
rotatory power of the resulting substance. 


Hydrolysis of Cephalin. 


After the most favorable conditions of hydrolysis of lecithin 
had been established, they were applied to the hydrolysis 
of cephalin. The result was practically identical. The glycero- 
phosphoric acid obtained from cephalin, purified through con- 
version of the crude barium salt into the lead salt with subsequent 
reconversion of the latter into the barium salt, possessed the 
optical rotation of the same magnitude as the acid from lecithin; 
namely, la], = — 0.69. 

In this respect the result obtained by us is new. It establishes 
the fact that glycerophosphoric acid enters into the structure 
of cephalin, and further that the acid is identical with that 
present in lecithin. However, it is worthy of note that while 
the crude barium glycerophosphate obtained from lecithin always 
showed a levorotation, though of a comparatively low magnitude, 
the barium glycerophosphate from cephalin showed dextrorotation. 
The magnitude of this rotation was progressively descending on 
purification of the substance. All the dextrorotary samples were 
found to contain nitrogen, and the purification of the substance 
which led to the fall of the dextrorotation also led to the diminu- 
tion in the nitrogen content. It is probable, therefore, that the 
claim of Friinkel and Dimitz to the discovery of a dextrorotary 
glycerophosphoric acid from cephalin was an error brought 
about by the fact that the substance analyzed by them was a 
mixture of glycerophosphoric acid with some product of inter- 
mediary hydrolysis. 

EXPERIMENTAL. 
Barium Glycerophosphoric Acid from Lecithin. 
Hydrolysis at Low Temperature. 

75 gm. of lecithin were obtained by the decomposition with 

ammonium carbonate of lecithin cadmium chloride containing 


20 per cent amino nitrogen. This material was ground under 
water until a uniform emulsion was obtained, and then shaken 
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for 6 hours at room temperature with 1 liter of a saturated 
aqueous solution of barium hydroxide (the equivalent of 2} 
mols of Ba(OH)s). After standing for 3 hours, the mixture was 
filtered and the excess of barium contained in the filtrate removed 
quantitatively with sulfuric acid. The resulting filtrate was 
concentrated to a small bulk under diminished pressure, and the 
barium salt precipitated by pouring the thin syrup into several 
volumes of absolute aleohol. After one purification by dissolving 
in a small quantity of water, filtering through bone-black, and 





reprecipitating with alcohol, the yield of this material was 
7.59 gm, 

The barium salt obtained in this way was subjected to two 
more purifications by solution in water and precipitation by 
alcohol. Finally it was twice dissolved in a minimum amount 
of water and allowed to stand until it separated as a mass of 
heavy granules and non-crystalline scales. These were filtered 
with suction, washed with alcohol, and dried under diminished 
pressure. Obtained in this manner, the salt, when dry, is a light 
tan, granular material, which dissolves in water giving a clear 
vellow solution. Though very soluble in cold water it is not 


hygroscopic; on warming the cold solution a fine amorphous 


powder is precipitated which does not dissolve completely as 
the solution is cooled. It is insoluble in alcohol, ether, and 
acetone. All rotations were made in 20 per cent aqueous solution. 
A sample (No. 23) had the following composition. It contained 
no nitrogen. 


0.1018 gm. of substance dried under diminished pressure at the tempera- 
ture of zylene vapor gave on combustion 0.0472 gm. of CO, 0.0248 gm. of 
H.O, and 0.0712 gm. of ash. 

0.2000 gm. of substance containing 7.36 per cent moisture gave 0.0666 mg. 
of MgoP2O;. 

0.1000 gm. of substance containing 7.36 per cent moisture gave 0.0668 mg. 
of BaSQ,. 


Ee 4acretanee) 
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Calculated for Found. 
CsH7OcPBa. No. 23. 


per cent per cent 
Ee | 12.64 

2.29 2.72 
10.10 10.02 
44.68 42.43 
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The rotation of the substance was as follows: 


~  ~0.075 x 100 
[a], = 1X1842 


— (). 


As our investigstion progressed, we found that the method 
of reprecipitation described above was not effective for the com- 
plete purification of the salts, as shown by their continued reten- 
tion of nitrogen, and the process described below was applied 
to all our later products. 

2 gm. of substance (No. 23) were dissolved in water. A 25 
per cent aqueous solution of neutral lead acetate was added until 
precipitation was complete; the precipitate was filtered and 
thoroughly washed with water, alcohol, and ether. The lead 
salt thus isolated was suspended in water, and hydrogen sulfide 
passed through until the decomposition was complete. The lead 
sulfide was removed by filtration and the filtrate concentrated 
under diminished pressure to a small volume and made slightly 
alkaline to litmus with barium hydroxide. From the concentrated 
solution the barium salt was precipitated by adding several 
volumes of 95 per cent alcohol. The yield of this preparation, 
No. 63, was 1.5 gm. 

When rapidly precipitated by alcohol, the barium salt separates 
in white amorphous flakes, which dry to a gleaming white powder. 
The color reported in the foregoing experiment is apparently 
due to an impurity as all samples obtained analytically pure 
were white when dry, and very readily soluble in water, giving 
colorless, water-clear solutions. If the salt after filtration is not 
dried either by washing with alcohol and ether or by rapid desic- 
cation, the amorphous flakes undergo an apparent fusion and 
dry to a mass of colorless granules and scales. This granular 
form can also be obtained by precipitating the salt from a very 
concentrated aqueous solution by 3 gradual addition of alcohol. 


0.101 gm. of substance dried under diminished pressure at temperature 
of xylene vapor gave on combustion 0.0438 gm. of CO,, 0.0194 gm. of H.O, 
and 0.0742 gm. of ash. 

0.2786 gm. of substance containing 9.11 per cent water gave 0.0912 gm. 
of Mg.P.O;. 
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Calculated for Found. 
CsH7OcPBa. No. 63. 


per cent per cent 
11.71 11.84 
2.29 2.15 
10.00 

44.03 


The rotation of No. 63 is 


—0.11 X 100 
[a]; 1x 18.82 = —(0.58. 

Both granular and flocculent forms after air-drying contain 
water of crystallization, the value of which is not constant, though 
in general it approaches 13 mols of HsO. The nature of the 
substance, however, does not permit one to attribute too much 
importance to this value. After preliminary drying under dimin- 
ished pressure over sulfuric acid at room temperature, the loss 
of water on complete drying was more constant, corresponding 
to C;H;O¢PBa-H.0. 

After air-drying, on desiccation over sulfuric acid under dimin- 
ished pressure at the temperature of xylene vapor, 0.1108 gm. 
of No. 63 lost 0.0098 gm. of H.O. 


Calculated for Found. 
CsH7OsP Ba ‘1}H20. No. 63. 


per cent per cent 


eer ee pies eee ee 9.30 8.84 


The substance was dried for 24 to 48 hours under diminished 
pressure over sulfuric acid at room temperature. On further dry- 
ing to constant weight at the temperature of xylene vapor, 0.1100 
gm. of No. 56 lost 0.0060 gm. of HsO and 0.1092 gm. of No. 57 
lost 0.0058 gm. of H.O. 


Calculated for Found 
CsH:O0cPBa‘H20. No. 56. No. 57. 


per cent per cent per cent 


5.45 5.31 


In order to be certain of the source of the glycerophosphoric 
acid, lecithin cadmium chloride was isclated from egg oil by the 
method recommended by Levene and West’ for the preparation 
of pure lecithin. The amino content of this material was negligi- 
ble. From its cadmium salt the lecithin was isolated by treat- 
ment with (NH,)2COs; in boiling 85 per cent alcoholic solution. 


§ Levene, P. A., and West, C. J., J. Biol. Chem., 1918, xxxiv, 175. 
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75 gm. of this product were hydrolyzed with 1 liter of barium 
hydroxide solution, and the barium salt was isolated in the same 
manner as No. 23. 8 gm. of crude material were obtained from 
which the material most insoluble in alcohol was separated by 
repeated solution in water and fractional precipitation with small 
volumes of alcohol. After eighteen such reprecipitations, a sub- 
stance (No. 55) of the following composition and analysis was 
obtained. It contained no nitrogen. 


0.200 gm. of substance containing 5.03 per cent moisture gave 0.0706 gm. 
of MgeP.2( )7. 
0.100 gm. of substance containing 5.03 per cent moisture gave 0.0690 gm. 
of BaSQsg. 
Calculated for Found. 
CsH;CcP Ba. No 55. 
per cent per cent 
0.00 0.00 
10.10 10.36 


42.75 


— 0.12 < 100 
1X 18.89 


= —0.63. 


That a longer period of hydrolysis would give a better yield 
and not affect the rotation adversely seemed probable, and was 
proved by hydrolyzing 100 gm. of lecithin for 16 hours with 1,350 
ec. of a saturated barium hydroxide solution. When isolated 
by the method described for No. 23 the yield of the crude material 
was 35 gm. (90 per cent of the theory). After three precipitations 
from alcohol this material (No. 56) had the following composition. 


0.200 gm. of substance containing 5.45 per cent moisture gave 0.0572 gm. 
of Mg2P20;. 

0.100 gm. of substance containing 5.45 per cent moisture gave 0.0664 gm. 
of BaSQO,. 

0.200 gm. of substance containing 5.45 per cent moisture used for 
Kjeldahl nitrogen determination required 0.26 ec. of 0.1 N HCl. 


Calculated for Found. 
C3H7O6PBa. No. 56. 


per cent per cent 

0.00 0.18 
10.10 8.43 
44.68 41.33 


No. 56 was then further purified by precipitating the lead 
salt and decomposing this by the directions given above. The 
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resulting substance (No. 57) had the following composition and 
rotation. It contained no nitrogen. 


0.200 gm. of substance containing 5.31 per cent moisture gave 0.0704 gm. 
of Mg.P2O;. 

0.100 gm. of substance containing 5.31 per cent moisture gave 0.0680 gm. 
of Bast Ds. 


Calculated for Found, 
C3H-OcPBa. No. 57. 


per cent per cent 
0.00 0.00 
10.10 10.38 
$4.68 $2.26 
— 0.09 * 100 


[], TT ees 


A second purification through the lead salt resulted in No. 60, 

whose rotation was 
- — 0.14 * 100 
[als opr — 0.74. 

A third purification by this method gave no further change 
in the rotation. 

The final analysis after an additional precipitation with alcohol 
follows. 


0.1026 gm. of substance dried in vacuo at temperature of xylene vapor 
gave on combustion 0.0482 gm. of COQ:., 0.0248 gm. of H.O, and 0.0774 gr. 
of ash. 

0.200 gm. of substance containing 7.06 per cent moisture gave 0.0696 gm. 
of MgeP2O;. 


Calculated for Found. 
CsH;OcPBa. No. 78. 
per cent per cent 
11.71 12.81 
2.29 2.70 


10.10 10.43 
14.68 44.87 


Hydrolysis at Higher Temperature. 


97 gm. of lecithin cadmium chloride were dissolved in 250 ce. 
of boiling 50 per cent alcohol and this solution was added to one 
containing 103 gm. (3} mols) of barium hydroxide in 1 liter 
of hot water. After 1 hour of gentle boiling the mixture was 
cooled and filtered. The excess of barium hydroxide was removed 
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from the filtrate by quantitative precipitation with sulfuric acid, 
and the filtered solution concentrated in vacuum to small bulk. 
The addition of an equal volume of 95 per cent alcohol precipitated 
the salt of glycerophosphoric acid, but the barium chloride formed 
in the course of the hydrolysis remained in solution. Thorough 
washing with 50 per cent alcohol removed all traces of chlorides 
from the filtered barium glycerophosphoric acid. After two pre- 
liminary precipitations by alcohol, the salt was converted into 
the lead salt, decomposed, and again reprecipitated as the barium 
salt by the directions given above. 

The specific rotation of this substance was 

™ — 0.03 * 100 
[a] 1x 18.89 = —0.16 

A second purification by conversion into the lead salt raised 

this rotation as follows: 


— (0.12 & 100 
[a], —e = —(0.63. 
a 1 X 18.89 


On analysis 0.102 gm. (No. 69), dried under diminished pressure over 
sulfurie acid at temperature of xylene vapor, gave on combustion 0.0234 
gm. of H.O, 0.0449 gm. of COs, and 0.0724 gm. of ash. 

0.300 gm. (No. 69), containing 7.77 per cent moisture, gave 0.1021 gm. 
of Mg.P.O; 

Calculated for Found. 
CsHrO6PBa. No. 69. 
per cent per cent 
11.71 12.00 
2.20 2.56 


10.10 10.28 
14.68 41.19 


Barium Glycerophosphoric Acid from Cephalin. 


Preparation of Cephalin. 


Three samples of cepbalin were used as the source of the glycero- 
phosphoric salts described below. All were obtained from ox 
brains by six extractions with ether containing 5 per cent water. 
This material, after evaporation of the ether, was precipitated 
with acetone and the fats and saturated phosphatides were 
removed from the precipitate by repeatedly dissolving in ether, 
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removing all material insoluble in ether at 0°, and reprecipitating 
by pouring into acetone. From the mixture of lecithin and 
cephalin thus obtained, the cephalin was separated by precipi- 
tating the ethereal solution with alcohol. The first sample of 
cephalin was purified by repeated precipitation by alcohol from 
ethereal solution and finally three precipitations from a solution 
in gasoline (B. P. 50-60°). The analysis of this material (No. 44) 
is given below. 

The second sample, after three precipitations from an ethereal 
solution by alcohol, was shaken with water until a uniform 
emulsion was obtained. From this the cephalin was precipitated 
by dilute hydrochloric acid, separated by centrifuging, and thor- 
oughly washed with acetone. Further purification was effected 
by repeatedly dissolving either in ether (saturated with water 
at room temperature) or in gasoline (B. P. 50-60°) and precipi- 
tating with alcohol. This material (No. 58) had the composition 
indicated below. 

The third sample was prepared in the following manner. The 
crude cephalin was exhaustively extracted with alcohol at room 
temperature and then repeatedly reprecipitated by alcohol from 
ether or gasoline solution, until its amino content was that indi- 
cated in the analysis (No. 135) recorded below. Following this 
the material was emulsified with water, precipitated by hydro- 
chloric acid, and the precipitate washed with alcohol. 


No. 44. 
0.5 gm. was dissolved in 5 ce. of glacial acetic acid. 
2 ee. of this solution for Kjeldahl determination required 340 ec. of 0.1.N 
HCl = 0.00468 gm. of N. 
2 ec. of this solution for Van Slyke determination gave 8.55 ec. of N at 
T° = 26°C. and P = 757.1 mm.; N = 0.00476 gm. 
NH2N 1 


Ratio 


TotalN 1 
No. 58. 

2 gm. of cephalin were hydrolyzed with HCl, neutralized, and concen- 
trated to 25 ce. 

5 ec. of this solution required for Kjeldahl determination 0.90 cc. of 
0.1 N HCl = 0.00126 gm. of N. 

2 ec. of this solution by Van Slyke determination gave 0.91 ec. of N at 
T° = 24° and P = 755.9 mm.; N = 0.000505 gm. 





RS 
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. NHN 1 
Ratio — - = 
Potal N 1 
No. 135. 

0.2 gm. was dissolved in 10 ec. of glacial acetic acid. 

5 ee. of this solution for Kjeldahl determination required 1.27 ec. of 
0.1 N HCL = 0.001778 gm. of N. 

1 ec. of this solution for Van Slyke determination gave 0.65 ec. of N at 

30° and P = 759.2 mm.; N = 0.003505 gm. 


_ NHN 
Rat _ = 
a ek 


Hydrolysis of Cephalin. 


75 gm. of cephalin (No. 44) were hydrolyzed by shaking for 
9 hours at room temperature with a liter of saturated barium 
hydroxide solution. The directions given for No. 23 were followed 
in working up the resulting mixture. On pouring the concentrated 
aqueous solution into alcohol a colloidal solution formed which 
was precipitated by the addition of a few cc. of an aqueous solution 
of barium acetate. Afterthirteen reprecipitations by alcohol from 
its aqueous solution, this material (No. 51) had the following 
composition and rotation. 


0.200 gm. of substance containing 5.67 per cent moisture gave 0.0556 gm. 
of Mg Pol dr. 

0.100 gm. of substance containing 5.67 per cent moisture gave 0.0662 gm. 
of BaSQ,. 

0.200 gm. of substance used for Kjeldahl determination required 1.12 ce. 
of 0.1 nN HCI. 


Calculated for Found. 
C3HyO6cPBa. No. 51. 


per cent per cent 
0.00 0.83 
10.10 8.21 
14.68 11.28 


»  +0.15 X 100 


1 X 18.88 + 0.80. 


No. 51 five times reprecipitated by alcohol still retained 
nitrogen. 


0.200 gm. of substance (No. 53) containing 9.28 per cent moisture 
required for Kjeldah! determination 0.77 cc. of 0.1 N HCI. 
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Calculated for Found. 
CsHrOsP Ba No. 53 


per cent per cent 


0.00 0.59 


Its rotation was 
+ 0.08 X 100 


+ 0.44. 
1 X 18.20 


[a] 


Ten additional reprecipitations by alcohol gave a substance 
(No. 59) of the following composition and rotation. 


0.200 gm. of substance containing 9.07 per cent moisture gave 0.0566 gm 
of Mg2P.0;. 

0.100 gm. of substance containing 9.07 per cent moisture gave 0.0644 gm 
of BaSO, 

0.200 gm. of substance containing 9.07 per cent moisture used for 
Kjeldahl determination required 0.57 ce. of 0.1 N HCl. 


Calculated for Found. 
CsH;O6cPBa. No. 59. 
per cent per cent 
0.00 0.40 
10.10 8.67 
44.68 $1.68 


+ 0.04 X 100 


20 - Lpjoo 
[a], 1 < 18.19 ie 0.22. 


All these salts agreed in property and appearance with the saits 
derived from the hydrolysis of lecithin by the same sort of purifi- 
cation. They all retained a distinctly yellow color which could 
not be wholly removed by bone-blacking the aqueous solution. 
All specimens were very soluble in water and rotations were made 
on 20 per cent aqueous solutions. 

The mother liquors from the purifications of No. 51 and its 
derivatives were concentrated in vacuum to a small bulk and pre- 
cipitated with aleohol. The bulky precipitate was filtered and 
again dissolved in water. To this was added a 25 per cent aqueous 
solution of neutral lead acetate, and on standing lead glycero- 
phosphoric acid settled out. This salt was filtered, suspended 
in water, and decomposed by hydrogen sulfide. The precipitated 
lead sulfide was filtered and the filtrate concentrated to a small 
bulk. The barium salt of glycerophosphoric acid was again 
isolated by adding barium hydroxide until slightly alkaline to 
litmus and precipitating with several volumes of alcohol. This 
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material was a glistening white, amorphous powder, identical in 
all characteristics with No. 63 obtained in an analogous manner 
from lecithin. Its composition and rotation were as follows. It 
contained no nitrogen. 


0.1594 gm. of substance containing 5.56 per cent moisture gave 0.0548 gm 
of Mg. P2O;. 

0.103 gm. of substance containing 5.56 per cent moisture gave 0.0752 gm 
of BaSO, 


Calculated for 
C3H7OcPBa. 
per cent 


10.10 


Found. 
No. 64. 


per cent 


10.14 





14.68 15.48 


» 0.13 X 100 | 
le], 1X 18.97 


— 0.69. 


Another hydrolysis of cephalin was made on 75 gm. of cephalin 
(No. 58) which were shaken for 16 hours at room temperature 
with 2} mols of barium hydroxide. The barium glycerophos- 
phoric acid was isolated by the method used in the previous 
experiments, and after a preliminary precipitation with alcohol, 
was purified by conversion to the lead salt, and reprecipitation 
as the barium salt, according to the directions given under the 
foregoing experiment. After two additional precipitations by 
alcohol from its aqueous solution, the vield of this material (No. 
68) was 5 gm. and its composition and rotation were the following, 


0.101 gm. of substance dried under diminished pressure over sulfuric acid 
at temperature of xylene vapor yielded on combustion 0.0520 gm. of COs, 
0.0218 gm. of H.O, and 0.0684 gm. of ash 

0.200 gm. of substance containing 7.84 per cent moisture gave 0.0626 gm 
of MgoP.O; 


Calculated for Found. 
CyHrO6ePBa No. 68 


per cent per cent 
Ei.ey¥ 14.04 
2.29 2.41 
10.10 9.92 
14.68 39.12 


— 0.9 X 100 


1 & 18.40 — 0.49. 
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A second purification through the lead salt and one reprecipi- 
tation from alcohol gave a substance (No. 77) of the following 
composition and rotation. 


0.099 gm. of substance dried under diminished pressure over sulfuric 
acid in xylene bath gave on combustion 0.0484 gm. of MgeoCObs, 0.0222 gm 
of H.O, and 0.0692 gm. of ash. 

0.300 gm. of substance containing 9.00 per cent moisture gave 0.0956 
gm. of MgeP.O;. 


Caleulated for Found 
CyHrOcPBa No. 77 
per cent 

11.71 

2.29 


10 10 
$4. 6S 


.  —0.12 x 100 7 
la]? - — 0.67. 
D 1X 18.00 
A third hydrolysis of cephalin was carried out in the same 
way on 50 gm. of cephalin (No. 135) and the purification of this 
material was exactly like that giving rise to No. 77. The analysis 
and rotation of this material were as follows: 


0.1011 gm. of substance dried under diminished pressure over sulfuri 
acid in xylene bath, gave on combustion 0.044 gm. of COs, 0.0216 gm 
H,O, and 0.0724 gm. of ash. 

0.200 gm. of substance containing 8.80 per cent moisture gave 0.0648 gm 
of Mg.P.Ov;. 

Calculated for 
C3 H;OcPBa. 
per cent 
11.71 

2.20 
10.10 
$4.68 


: 3X 100 : 

— U.b. 

[a]; y 0.05 U.b0 
Like the barium glycerophosphates obtained from lecithin, 
these salts, after air-drying, contained variable amounts of water 


of erystallization approaching 1} mols; while after desiccation 


under diminished pressure for about 24 hours at room temperature, 
a more constant content of water was retained, corresponding 


to C,;,H;O.PBa:H20. 
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On complete desiccation over H2SO, under diminished pressure 
at the temperature of zylene vapor, the following results were 
obtained. 


0.1256 gm. of No. 59, previously air-dried, lost 0.0114 gm. of H.O, 
— OU OF = ve “ 0.0098 “ “ H.O. 
ae * « © 9s. as “ 0.0093 “ “ HO. 
Calculated for Found. 
C3H;OcPBa‘1}H2O No. 59. No. 77 No. 78. 
per cent per cent per cent per cent 


i klnssiarkcn aise 9.30 9.07 9.00 9.29 


The substance dried at room temperature under diminished 
pressure lost on drying to constant weight at the temperature 
of xylene vapor as follows: 


0.1164 gm. of No. 51 lost 0.0066 gm. of H.O. 
0.1116 “cc “cc “ 64 “ce 0.0062 “ “ee H,¢ ). 
Calculated for Found. 
CsH7Oc.PBa‘H20, No. 51. No. 64 
per cent per cent per cent 


5.53 5.67 5.56 





COMPARATIVE METABOLISM OF CERTAIN AROMATIC 
ACIDS. 


III. FATE OF P-NITROPHENYLACETIC ACID IN THE ORGANISM 
OF FOWL, DOG, AND MAN. 


By CARL P. SHERWIN ann MAX HELFAND. 


(From the Laboratory of Fordham University Medical School, New York City.) 


(Received for publication, August 25, 1919.) 


Many organic substances have been fed to animals to deter- 


mine the process by which the animal body will dispose of them. 
If non-toxic, they may be wholly or at least in part oxidized and 
utilized for heat production. If toxic, such compounds must be 
detoxicated and eliminated as rapidly as possible. In the latter 
case we are able to study with a certain degree of precision what 
might be called the non-specific defense mechanism of the body. 

We have already studied the method employed by the body 
when certain putrefactive compounds derived from phenylalanine 
and tyrosine are detoxicated and eliminated in the urine. Oxi- 
dation and reduction play a large part in this process of detoxica- 
tion, but often a point is reached where 6-oxidation of the side 
chain is no longer possible, and in this case conjugation seems to 
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be the method most often employed by the animal body. Thus 


Dba 


benzoie acid no longer subject to oxidation in the organism is 
coupled with glycocoll and eliminated in the urine as hippuric 
acid. Again, phenylacetic acid, which results from the action of 
bacteria on phenylalanine, cannot be oxidized by the tissues but 
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is detoxicated by combining it with one of the shorter amino- 


Fas ee! 


acids. In this case the formation of the phenylacetic acid in the 


body of man and the lower animals seems to be the same type of 


reaction, but the process of detoxication 1s apparently more com- 
plicated in the animal than that taking place in the human body. 
After feeding phenylacetic acid to animals such as dogs (1), 


Se ee 


pe 


rabbits (2), and monkeys (3), the acid appears in the urine com- 
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bined with glycocoll, as phenaceturie acid; when ingested by 
human beings (4), phenylacetic acid is exereted in the urine in 





combination with glutamine, as phenylacetylglutamine. It has 
also been shown (5) that there is a difference in the processes of 
detoxication employed by man and animals after the feeding of ' 
p-hydroxybenzoic acid and p-hydroxyphenylacetic acid. . 
In the literature, one finds little concerning the metabolism of ; 
nitro compounds and particularly aromatic nitro derivatives. 
Sieber and Smirnow (6) fed large doses of p-nitrobenzaldehyde to " 
a dog and recovered small amounts of p-nitrohippuric acid ure: ‘ 
from the dog’s urine. Cohn (7) fed p-nitrobenzaldehyde to rab- , 
bits and isolated from their urine a compound made up of p-nitro- " 
benzoic acid and p-acetvlaminobenzoie acid. Jaffe (8) fed “large | 
amounts” (30 gm.) of p-nitrotoluene to a dog. He recovered 
some of the substance unchanged from the feces, some from the 
urine as p-nitrobenzoic acid, but most of it he found was elimi- 
nated in the urine as p-nitrohippuric acid urea. Bertagnini (9) 
ingested small quantities of nitrobenzoic acid at frequent inter- " 
vals, thus ingesting in all 80 gm. during a period of several days. « 
He was unable to prove the presence of either nitrobenzoic or a 
nitrohippuric acid in the urine, but extracted from the urine an a 
oily substance which gave nitrobenzoic acid and glycocoll on a 
hydrolysis. sa 

As there seemed to be no definite information in the literature 4] 

| regarding the fate of either the nitrobenzoie acids or nitrophenyl- 

' acetic acids in the human body we decided to undertake some - 
feeding experiments which eventually included not only man but ue 
the dog and fowl also. The compound used in these experiments 
was In each case p-nitrophenylacetic acid. th 

As oxidation of the side chain of phenylacetic acid seems impos- aad 
sible for either the animal or human body, there were several T 
changes which this compound might undergo when ingested by ay 
a person. It seemed most probablé that the nitro group should di 
remain untouched and that a combination with glutamine or of 
glycocoll should be formed, and perhaps urea should also be added ar 
to the p-nitrophenvlacetylglutamine or p-nitrophenaceturic acid th 
thus formed. On the other hand, a reduction of the nitro group ar 
was not impossible with a secondary acetylation of the amino on 
group. oi 
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p-nitro- 
phenaceturiec acid or p-nitrophenaceturic acid urea would be 


formed and eliminated in the urine. 


In the case of the dog it seemed most probable that 


The fowl seems to furnish, in most cases, large quantities of 
ornithine for the detoxication of foreign substances instead of 
glycocoll. Thus after feeding benzoic acid to chickens Jaffe (10) 
isolated from the urine a’substance composed of 1 mol of orni- 
thine and 2 mols of benzoic acid which he called ornithurice acid. 
Totani (11) after feeding phenylacetic acid to hens recovered a 
substance from the urine which he termed phenacetornithuric 
acid, and which was analogous to the compound isolated by Jaffe 
as it consisted of 2 mols of phenvlacetic acid and 1 mol of orni- 
thine. 


Fate of p-Nitrophenylacetic Acid in the Human Organism. 


The subject was a student of 70 kilos body weight and appar- 
ently in the best of health. The acid, being insoluble in water, 
could net be taken in the form of solution nor in capsules on 
account of bulk. A dose of 5 gm. of acid in crystalline form was 
accurately weighed out, taken into the mouth, and washed down 
with copious quantities of water. The acid possesses a very dis- 
agreeable taste not unlike pepper, with an after taste not unlike 
that of the copper salts. 

The urine was collected for 48 hours after each dose of the acid 
each collection was carefully neutralized with sodium carbonate 
as soon as voided, then the entire amount slowly evaporated on a 
water bath at low temperature. The urine when evaporated to a 
thick syrup was cooled below room temperature and acidified 
with HsPO,; until it showed an acid reaction with Congo red. 
This concentrated urine was placed in a continuous extracting 
apparatus and extracted for 5 hour periods with ethers The 
different ether extracts were placed in the ice box for a number 
of days to allow the formation of crystals. As no erystals 
appeared, the ether extracts were evaporated somewhat each day, 
then placed on ice over night. During this time no crystals 
appeared, so all the ether extracts were united and allowed to 
evaporate slowly at room temperature. As dryness was reached, 
only a yellow oil appeared and no crystalline substance. This 


RPDS 


eR 


« 
ui 
; 
, 
i 
ts 


, 


> ne TS 


eee 


tee ee ALE 


| 
iW 
f 
4 
x 


9 BAT A POS, 














20 Metabolism of p-Nitrophenylacetic Acid 


oily residue was dissolved in hot water, boiled with charcoal, 
filtered, and then allowed to cool. After a short time long yellow 
needles appeared in the solution and later the solution took on 
the form of a crystalline mass. The crystals were removed by 
suction and recrystallized several times from hot water. Dried 
at 80° they melted at 150-151.5.° The melting point as well as 
the crystalline form showed the substance to be p-nitrophenyl- 
acetic acid which had been eliminated in the urine unchanged. 


Analysis .—0.1533 gm. of the substance required 8.60 ce. of 0.1 N sul- 
furie acid (Kjeldahl). 
Calculated for 
Cs Hi N Os. Found 
per cent per cent 


Only p-nitrophenylacetic acid crystallized out of the water solu- 
tion of the ether extract, so it was evaporated to a small volume 
and repeatedly extracted with ether to remove the last traces 
of p-nitrophenylacetic acid. Enough concentrated sulfuric acid 
was added to this water solution to produce a 30 per cent acid 
solution and the solution boiled under a reflux condenser for 
several hours. The acid solution was cooled and repeatedly 
extracted with ether to remove any p-nitrophenylacetic acid 
which might be present. The ether extracts were united, evapo- 
rated to dryness, and the residue dissolved in hot water. No 
trace of p-nitrophenylacetic acid appeared at any stage in this 
extract so it seemed that no compound of p-nitrophenylacetic 
acid had been extracted from the urine by the ether. 

It seemed reasonable to expect a compound of p-nitrophenyl- 
acetic acid with either glycocoll or glutamine so the evaporated 
urine was again extracted repeatedly with alcohol. As p-nitro- 
phenaceturic acid is quite insoluble in cold alcohol this substance 
should have crystallized out of the aleoholif present, but no crys- 
tals appeared. The alcoholic extracts were united and evaporated, 
but only large amounts of urea and some hippuric acid crystals 
appeared. The alcoholic extract was evaporated to dryness and 
dissolved in hot water, and the water solution acidified with 
sulfuric acid and boiled under a reflux condenser for several 
hours. ‘This acid solution was cooled and extracted with ether 
but again no p-nitrophenylacetic acid was found. It appeared 
that no compound of p-nitrophenylacetic acid had been extracted 
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from the urine by the aleohol. The urine was further extracted 
with ethyl acetate and lastly with benzene following the same 
method as employed in the alcohol extraction, but no trace of 





the acid could be found. Asa last resort a part of the evaporated 
urine was diluted with enough water to bring it into solution 
and strongly acidified with sulfuric acid. After boiling this for 
several hours it was cooled and extracted with ether to deter- 
mine the amount of p-nitrophenylacetic acid which might have 


x " rf =, : 
ee 


been split off from any compound existing in the urine. Again 
none of the acid appeared, so there certainly could have been no 
compound in the urine containing p-nitrophenylacetic acid. 

After two 5 gm. doses of the acid had been ingested, a total 
of 6.87 gm. (68.70 per cent) of p-nitrophenylacetic acid was 
recovered from the urine as the uncombined acid. 

It seems peculiar that this acid should be found free in the 
urine. While perhaps less toxic than phenylacetic acid, still 
some symptoms of intoxication such as nausea, headache, and 
diarrhea were experienced by the subject. It is certainly more 
irritating to the mucous membranes than benzoic acid, and 
benzoic acid taken in corresponding doses is almost quantita- 
tively converted into hippuric acid. 
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Fate of p-Nitrophenylacetic Acid in the Organism of the Dog. 


A dog of 32.70 kilos body weight was fed three doses of p-nitro- 
phenylacetic acid. The acid crystals were pulverized and packed 
into large gelatin capsules. The capsules were inserted into 
large chunks of cooked meat which were thrown to the dog and 
swallowed without mastication. The first dose of the acid con- 
sisted of 5 gm.; a second dose of 5 gm. was fed 1 week later, 
followed by a third dose of 7 gm. 2 days later. 

The dog was kept in a large metabolism cage and the urine 
collected for 48 hours after each dose of the acid. The different 
portions of urine collected during this time were united and 
evaporated to a thick syrup, acidified with HeSO,, and extracted 
with ether for several hours in a continuous extracting apparatus. 
All portions of the ether used in this extraction were united and 
the ether was distilled off. The residue was dissolved in cold 
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absolute ether, filtered, and the filtrate allowed to evaporate at 
room temperature. As no crystals appeared until the point of 
dryness was reached, the residue was redissolved in hot water, 
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boiled with charcoal, and allowed to stand in the ice box for 24 
hours. Long yellow needles appeared in the solution and finally 
became almost a solid mass. The erystals were removed by 
suction and recrystallized from hot water. Dried at 80-90°, the 
crystals melted at 150-151.5°. The melting point as well as the 
characteristic solubility and crystalline structure of the sub- 
stance showed it to be p-nitrophenylacetic acid which had been 
excreted in the urine unchanged. After a dose of 5 gm., 1.53 gm. 
of the acid were recovered from the urine while, after a dose of 
5 gm. followed after 48 hours by a dose of 7 gm., 5.32 gm. of the 
p-nitrophenylacetic acid were isolated from the dog’s urine. 

The evaporated urine was removed from the ether-extracting 
apparatus and placed in a large separatory funnel. It was then 
extracted several times with large volumes of hot aleohol. The 
alcoholic extracts were united and slowly evaporated to dryness. 
The residue was dissolved in hot water, boiled with charcoal, 
and filtered. The filtrate was slowly evaporated by stages until 
crystals appeared on cooling. This substance which seemed quite 
insoluble in water was thus easily separated from urea, hippuric 
acid, and other aleohol-soluble urinary constituents. Reerys- 
tallized from hot water, the substance formed extremely long 
hair-like needles. When dry, the substance melted at 172-173°. 
The melting point, as well as the solubility and crystalline form 
of the substance, showed it to be identical with the p-nitro- 
phenaceturic acid prepared synthetically by Hotter (12). 


0.2761 gm. of substance required 11.45 cc. of 0.1 N NaOH for neutral- 
ization. 
Calculated for C;9H;oN2O 5: required 11.60 ce. of 0.1 N NaOH. 


2 gm. of the substance were boiled for 2 hours with 30 per cent 
HCl, cooled, and the acid solution was extracted several times 
with ether. The ether extracts were evaporated to dryness and 
the residue was dissolved in hot water and boiled with charcoal. 
After filtering, the filtrate was allowed to stand for some hours 
and crystals of p-nitrophenylacetic acid appeared. These 
crystals when dried melted at 150-151°. The.amount of p-nitro- 
phenaceturic acid isolated from the urine after a 5 gm. dose ot 
p-nitrophenylacetic acid was 0.757 gm., while after a dose of 5 
gm. followed by 7 gm. of the acid, 2.873 gm. of p-nitrophen- 


aceturie acid were recovered, 
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The fate of ‘p-nitrophenylacetic acid in the organism of the 
dog is similar to that of its homologue p-nitrobenzoic acid. 

The p-nitrotoluene fed to dogs (8) was first converted into 
p-nitrobenzoic acid, followed by a secondary reaction in which 
most of this substance was converted into p-nitrohippuric acid 
urea. The greater part of the p-nitrophenylacetic acid was 
excreted in the urine uncombined while a part of it was conjugated 
with glycocoll and excreted as p-nitrophenaceturic acid. None 
of the latter compound, however, was found in combination with 
urea. After feeding 5 gm. of the p-nitrophenylacetic acid, 1.58 
gin. (30.60 per cent) were excreted in the urine unchanged, while 
only 0.757 gm. (15.14 per cent) was excreted as the glycocoll 
compound. Thus a total of only 2.287 gm. (45.64 per cent) of 
the substance were recovered from the urine. After feeding 5 
gm. followed by 7 gm. of the substance, 5.32 gm. (44.35 per cent) 
were isolated from the urine as the free acid and 2.873 gm. were 
obtained from the urine as the glycocoll compound (p-nitro- 
phenaceturic acid). Therefore after a total of 12 gm. had been 
fed, 61.47 per cent of the substance was recovered. 


Fate of p-Nitrophenylacetic Acid in the Organism of the Fowl. 


For this work a hen of 2.18 kilos body weight was selected. 
The acid was administered by means of a funnel and soft rubber 
tube. In this case a solution of the sodium salt was used and 
washed down with large quantities of water. The dose in each 
case amounted to 1 gm. of the acid. The substance proved 
quite toxic, as the hen refused to eat for some days after the first 
dose and showed marked signs of depression. The hen was kept 
in a metabolism cage and all excreta saved for 48 hours after 
each dose. The excreta, which were always very hard and dry, 
were stirred into a paste after the addition of sufficient amounts 
of water. To this mass dilute sulfuric acid was added until the 
reaction was strongly acid to Congo red. It was then immedi- 
ately extracted with ethyl acetate alcoho! (10:1) mixture in a con- 
tinuous extracting apparatus. The first and second extracts were 
evaporated to one-fifth the original volume in vacuo at 40°, then 
placed on ice for 48 hours. This process was repeated until the 
extracts became very concentrated but no crystals appeared, 
After complete evaporation, there remained a black tar-like mass. 
This substance seemed to be entirely insoluble in cold water but 
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slightly soluble in hot water. On cooling the hot water solution, 
it became a milky emulsion and under the microscope was found 
to contain fine droplets of an oil-like substance held in suspension. 
On cooling to room temperature the liquid became clear with a light 
yellow, oily deposit on the sides of the receptacle. There appeared 
to be two different substances present, one an oil-like substance 
and a second black gum-like substance which was unaffected by 
water. The water was poured off and both substances were 
dried at 40°. The mixture was extracted for 12 hours with ether 
in a continuous extracting apparatus. Most of the black gummy 
substance remained in the extracting apparatus but changed in 
color to a dull gray. The yellow substance dissolved easily in 
ether. The ether extract was filtered and allowed to evaporate 
at room temperature, leaving a yeilow crystalline deposit. This 
crystalline mass was dissolved in hot water and slowly cooled. 
Long yellow crystals appeared in the water solution. The crystals 
were removed and dried at 80°. The melting point was between 
149-150°, so the substance was apparently p-nitrophenylacetic 


acid. 

















0.2018 gm. of the substance required 11.10 ce. of 0.1 N sulfuric acid 












(Kjeldahl). 
Calculated for 
Cs Hr N On. Found, 
per cent per cent 
N isch oa ene tBiend aie ly a araeie eaten ae 7.74 7.70 








The residue from the ether extract was dissolved in warm alcohol 
and allowed to cool; as no crystals appeared, ether was added until 
the solution became turbid. The flask was tightly stoppered and 
placed in the ice box for 24 hours. A fine deposit of microscopic 
crystals was found on the bottom of the flask so these were filtered 
off and more ether was added. By repeating this process, enough 
of the material was gathered for further work. This substance 
appeared to be insoluble in water but easily soluble in alkaline 
solutions. The substance was dissolved in barium hydroxide 
and the excess of barium removed by passing CO, through the 
solution and filtering off the barium carbonate. The filtrate con- 
taining the barium salt of the substance was evaporated by stages 
to one-third its original volume. After standing in the ice box 
for several days, large leaf-like erystals appeared on the surface 
of the liquid and formed a solid crust. The potassium and sodium 
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salts of the acid were formed from the barium salt by adding a 
solution of sodium and potassium sulfate to the solution of the 
barium salt. These salts were found to be too hydroscopic for 
analysis. The water solutions of all the salts formed were found 
to be dextrorotatory. 

To prepare the pure substance a solution of the barium salt was 
acidified with H.SO, and extracted with aleohol. The alcohol 
solution was concentrated and a few drops of ether were added 
until the solution became turbid. After standing for several days 
in the ice box, short, thick, irregular needles appeared in the solu- 
tion. These were recrystallized from an aleohol ether mixture 
and dried in vacuo. The dried substance melted at 184—185°. 

The analysis gave the following results. 


0.1321 gm. of the substance gave 0.2662 gm. of CO. and 0.0576 gm. 
of H,0O. 

0.2371 gm. of the substance required 20.80 ec. of 0.1 N sulfuric acid 
(Kjeldahl). 

Calculated for C2; Ha Ny Os: C = 54.99 per cent, H = 4.84 per cent, 
N = 12.22 per cent. 

Found. C = 54.95 per cent, H = 4.99 per cent, and N = 12.30 per cent. 

0.1191 gm. of the substance required 2.70 cc. of 0.1 N sodium hydroxide 
for neutralization. Caleulated for Cs; Ho Ny Os: 2.60 ce. of 0.1 Nn NaOH 
were required. 


A weighed amount of the substance was boiled for 3 hours with 
a 30 per cent solution of HC], cooled, and extracted with ether. 
The ether extracts were evaporated to dryness and the residue 
recrystallized from hot water. The resulting yellow crystals 
when dried melted at 148.5-150°. 


0.1007 gm. of the substance required 5.45 ec. of 0.1 N sulfuric acid 
Kjeldahl). 

Calculated for Cs H; NOy: N = 7.74 per cent. 

Found. N = 7.58 per cent. 


This substance was p-nitrophenylacetic acid. The acid solution 


remaining after the ether extraction was evaporated in vacuo to 
drive off the excess of HC]. The residue was dissolved in a small 
amount of water and made alkaline with sodium carbonate. To 
this alkaline solution benzoyl chloride was added insmall amounts 
at frequent intervals. During the entire period the solution was 
kept alkaline, shaken vigorously after each addition of benzoyl 
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chloride, and cooled as often as necessary. After 45 minutes the 
solution was removed from the separatory funnel and acidified 
with HCl. The acidified solution was extracted several times with 
ether to remove all benzoie acid formed. After standing for some 
time a mass of leaf-like crystals appeared. These crystals were 
washed chlorine-free and dissolved in warm alcohol. By cooling 
the solution leaf-like crystals of ornithuric acid appeared. The 
substance was pure ornithuric acid as was shown by the melting 
point of 184-185° and by the following analysis. 


0.1262 gm. of the substance, required 7.55 ce. of 0.1 N sulfurie acid 
Kjeldahl). 

0.1136 gm. of the substance gave 0.2801 gm. of CO, and 0.0624 gm. of H.O. 

Calculated for Cig Heo Ne Oy: C = 67.02 per cent, H = 5.92 per cent, and 
N 8.23 per cent. 

Found. C = 67.23 per cent, H 6.13 per cent, and N 8.37 per cent. 


This compound was identical with the ornithuric acid prepared 
by Jaffe (13), thus proving ornithine as the other constituent 
of the compound isolated from the excreta of the hen. 

This compound must consist of 1 mol of ornithine and 2 mols of 
p-nitrophenylacetice acid and therefore has the following formula. 


() 


C-—O-H 


P-nitrophenacetornithinic acid. 





C. P. Sherwin and M. Helfand 


The combination of p-nitrophenylacetic acid with ornithine 
is quite in line with the results obtained by other investigators in 





experiments where fowls were used. In this case as in the experi- 
ments performed on the human being and on the dog no reduction 
or alteration of the nitro group was found in any case, as was 
reported by Cohn (7) after feeding rabbits p-nitrobenzaldehyde. 


CONCLUSION, 


1. p-Nitrophenylacetic acid was ingested by a man in 5 gm. 
doses. 68.70 per cent of the acid was recovered from the urine 
in an uncombined state. No compound of the acid was found in 
the urine. 

2. p-Nitrophenylacetic acid was fed to a dog in 5 and 7 gm. 
doses. 61.47 per cent of the acid was isolated from the urine. 
Of this amount 44.35 per cent was in the uncombined state while 
17.12 per cent was combined with glycocoll and excreted as p-nitro- 
phenaceturic acid. 
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3. p-Nitrophenylacetic acid was fed to a hen in 1 gm. doses. 
Some of the acid was excreted uncombined but the greater portion 
was conjugated with ornithine, and excreted as p nitrophenacet- 


= 


ornithinic acid. This acid which had not been previously pre- 
pared was isolated, analyzed, and its structure determined. The 
barium, potassium, and sodium salts of the compound were 
prepared and found to be dextrorotatory. 
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STUDIES OF BLOOD REGENERATION.* 


I. EFFECT OF HEMORRHAGE ON ALKALINE RESERVE. 
By MARY V. BUELL. 


(From the Department of Agricultural Chemistry, University of Wisconsin 
Madison.) 


Received for publication, August 11, 1919.) 
INTRODUCTION, 


With the exception of Milroy’s! work, no systematic attempt 
has been made, as far as the writer has been able to ascertain, to 
follow chemically the changes in alkaline reserve during the 
period immediately following hemorrhage. Since the Van Slyke* 
method has been devised, such a study has been greatly facili- 
tated. Not only can more extensive data be obtained by the use 
of this method, due to its simplicity, but also the results so ob- 
tained have greater significance due to the fact that changes can 
be detected too small to influence the hydrogen ion concentration 
which Milroy determined. 

The hemorrhages which Milroy! studied with cats and dogs 
were large (approximately one-third the total volume of blood). 
In all cases he found a distinct rise in the hydrogen ion concen- 
tration of the plasma, determined by the gas chain method; 7.-., 
a loss of reserve alkali. This change was most apparent in the 
vases in which the plasma was subjected to high concentrations 
of COs. Samples of blood drawn at intervals of 15 and 45 minutes 
after hemorrhage showed these distinct changes in reaction. 
Milroy concluded that there must have been rapid compensatory 
passage of the tissue fluids into the circulation, the fluid which 
first entered the circulation being extremely poor in reserve 
alkali. The greatest increase in hydrogen ion concentration was 
found after the 15 minute interval. 


* The work described in this article forms part of a thesis submitted in 
partial fulfilment of the requirements for the degree of Doctor of Philos- 
ophy in the University of Wisconsin. 

' Milroy, T. H., J. Physiol., 1917, li, 259. 

* Van Slyké, D. D.. J. Biol. Chem., 1917, xxx, 347. 
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Since hemorrhage uncomplicated by other conditions such ss 
shock and anesthesia is rarely encountered clinically many studies 
of these conditions are closely interwoven. Cannon and his co- 
workers® have studied clinically many cases of primary and second- 
ary wound shock, hemorrhage, ete., with and without other 
complications, in a casualty clearing station near the front line 
trenches in France. In the uncomplicated hemorrhage cases, an 
examination of the blood disclosed lowered alkaline reserve. In 
cases of acidosis and low blood pressure due to shock, hemorrhage, 
or infection with the gas bacillus, the pulse was rapid, but did 
not vary with the degree of acidosis. As the acidosis became 
more extreme, the respiratory rate increased, fatal cases showing 
true “air hunger” before death. As regards the relative reduction 
in alkaline reserve by the conditions of shock, hemorrhage, and 
infection with gas bacillus, Cannon’s figures indicate the prob- 
ability that uncomplicated hemorrhage is not followed by so 
great a reduction of alkaline reserve as is shock and infection 
with gas bacillus when the blood pressures are equally reduced. 

Penfield’ observed that acidosis developed gradually when the 
blood pressures of etherized dogs were brought to a low level by 
progressive hemorrhage, about 100 per cent of the total blood 
volume (calculated as 5 per cent of body weight) being removed. 
After varying lengths of time, the pressure was raised by infusion 
of different solutions. With one exception, death occurred only 
in those animals whose alkaline reserve was low. 

Morriss® studied the effect of ether anesthesia on the alkaline 
reserve, using Van Slyke’s method. He found a reduction in the 
reserve alkali in every case, but this reduction was not dependent 
upon the duration of ether anesthesia or upon the extent of the 
operation. He also found that the alkaline reserve might de- 
crease notably when the patient lost relatively little blood, and 
on the other hand, might not change greatly when conspicuous 
hemorrhage occurred. He concluded that a notable drop might 
occur in the carbon dioxide-combining power of the plasma dur- 
ing the first half hour of anesthesia. 


Cannon, W. B., Fraser, J., and Hooper, A. N., J. Am. Med. Assn., 
LOLS, Ixx, 526. Cannon, W. B., ibid., 531. 
' Penfield, W. G., Am. J. Physiol., 1919, xlviii, 121. 
Morriss, W. H., J. Am. Med. Assn., 1917, xviii, 1391 
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The Reaction Requlator Mechanism. 


Dependent upon the proper hydrogen ion concentration of the 
blood are such vital processes as the control of the respiratory 
and vasomotor centers, enzyme action, the swelling of colloids, 
and cellular oxidation. Fortunately the organism has a protec- 
tive mechanism which guards against the acids which are con- 
stantly formed in the animal organism by the normal metabolism 
of its tissue and the foods ingested. This mechanism may be 
regarded as consisting of several factors; first, the function of the 
buffer salts; second, the ability of the organism to excrete the 
weak acids (carbonic and phosphoric acids) set free by stronger 
acids; and third, the ability of the organism to produce ammonia 
at the expense of urea. 

Van Slyke’s method for the determination of alkaline reserve 
is based upon the principle that the power of the organism to 
protect itself against the encroachment of acids is proportional 
to the bicarbonate content of the arterial blood. In actual prac- 
tice Van Slyke analyzes the plasma obtained from centrifugation 
of venous blood and reports the ‘‘alkaline reserve” in terms of 
volumes per cent of carbon dioxide chemically bound by 100 ce. 
of plasma. The possibility that HCl] may pass from plasma to 
cells or vice versa, depending on the COs tension, makes the pre- 
caution necessary that the blood should always be at definite 
(CO. tension when centrifuged, as well as when analyzed. Van 
Slyke? and Austin and Jonas® carefully studied the effect on 
alkaline reserve of variations in the technique used in collecting 
the blood, and preparing the plasma for analysis. 

The immediate cause and opportunity for this investigation 
were furnished by the plant for making serum to be used in 
vaccination against hog cholera, which is operated in connection 
with the College of Agriculture of the University of Wisconsin. 
In this plant large numbers of pigs are hyperimmunized against 
hog cholera. The animals are subsequently bled, the blood is 
defibrinized, and the serum used commercially. In this process, 
a certain routine, found by experience to be satisfactory and 
economical, has been established. Approximately 10 days after 
the animals have been hyperimmunized they are subjected to 


6 Austin, J. H., and Jonas, L., Am. J. Med. Se , 1917, eliii, 81. 
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tail bleeding, if they have not lost in weight. After an interval 
of 7 days the pig is subjected to a second tail bleeding if it has 
not lost in weight, and after 7 more days the pig is slaughtered. 









EXPERIMENTAL, 





In preliminary experiments, the blood was treated by what 
will hereafter be referred to in this paper as the ‘open vessel 
method” or Method I. The blood was allowed to flow directly 
from the tail into a small open Erlenmeyer flask which contained 






sufficient potassium oxalate to prevent clotting. Under the con- 
ditions of the experiment, the blood spurted rapidly from the 
artery directly into the flask, and so came into minimum contact 
with the tissues. No needle or other apparatus was required 
in collecting the sample. The flask was then rotated once or 








twice to insure the oxalate being dissolved in the blood, and was 
then carried to the laboratory for centrifugation with as little 
agitation as possible. The interval between collection and 







centrifugation was approximately } hour. 








Standardization of Methods. 





In order to discover the effect of this treatment on the alkaline 
reserve value, the following experiments were performed. Ani- 
mals were kept at the laboratory in cages, and samples of blood 
were collected and treated under different conditions. In the 
first instance a stream of blood was allowed to spurt directly from 
the tail artery into a paraffined Erlenmeyer flask containing a 
small amount of potassium oxalate. The blood was centrifuged 
and the plasma analyzed by means of Van Slyke’s technique. 
This ‘‘open vessel method,’ when the blood was centrifuged 
and the plasma analyzed immediately, was very nearly compar- 
able with Van Slyke’s routine technique when he used a McRae 
needle for collection. By the open vessel method, it is true, the 
blood necessarily falls twice for a short distance through the air. 
This fact would seem to double the possibility for loss of carbon 
dioxide. So much less agitation was necessary, however, to 
insure thorough mixing of the oxalate with the blood in a recep- 
tacle like an Erlenmeyer flask that it seemed preferable to make 
the collections in such a flask rather than in a centrifuge tube. 
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This was particularly true in cases where the blood clotted rapidly, 
as after repeated hemorrhage. Because of the necessity, when 
working with a pig, of taking the blood samples from a cut tail, 
it was impossible to collect samples by Van Slyke’s paraffin oil 


method: 7.e., without loss of some carbon dioxide. 


Open Vessel Method.—Bloods collected by the open vessel method in the 
presence of sufficient potassium oxalate to prevent clotting were treated 
as follows. 

]-a-1.—The blood was poured directly into centrifuge tubes, centrifuged, 
and the plasma analyzed at once (Curve I, Fig. 1). 

I-a-2.—The blood was centrifuged as described under I-a-1. The clear 
plasma was pipetted into a paraffined weighing bottle, preserved in a 
refrigerator for 48 hours, and was then analyzed (Curve II, Fig. 1) 

I-b.—The blood was allowed to remain in the Erlenmeyer flask in which 
it was collected for } hour. It was then centrifuged and the plasma ana- 
lyzed immediately (Curve ILI, Fig. 1). 

I-c.—The technique was the same as I-), the time before centrifugation 
being extended to 2 hours (Curve LV, Fig. 1) 


In the second instance an effort was made to approximate Van 
Slyke’s paraffin oil method by allowing the blood to flow directly 
from the tail artery into a paraffined separatory funnel which had 
been previously filled with alveolar air. This technique was 
called the “separatory funnel method” or Method II. Duplicate 
collections of the blood analyzed by the open vessel method were 
made by the separatory funnel method and the samples so ob- 
tained were treated in various manners. Since the separatory 
funnel method was more laborious, and the results obtained were 
not duplicated so easily, this method proved to have no advantage 
over Method I, and was consequently abandoned. For the sake 
of brevity, the analyses by this method are not reported here. 

Table I gives the results of the preliminary analyses. In all 
cases the figures represent the volumes per cent of COQ. obtained 
from 1 ee. of plasma, and are the average of closely agreeing 
duplicates. After the first three series, all collections were made 
in paraffined vessels. 

All the samples reported in the same vertical column of Table I 
were taken from the same animal, one sample immediately fol- 
lowing another, and were then treated in the various manners 
described. The blood for the first five series of determinations 


was obtained from a female; for the second four series from a male. 
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“ach weighed approximately 200 pounds. The extreme vari- 
ations in the alkaline reserve values of the blood from the same 
animal on different days will be discussed in detail later. 

The column headed “average difference’? was computed as 
follows. The first method of determination (the open vessel 
method, centrifuged and analyzed immediately) was arbitrarily 
selected as the standard. If subsequent determinations were 
lower, the difference was indicated by a negative sign, and if 





TABLE I 
Effect of Various Methods on Alkaline Reserve Values. 


| Alkaline reserve of blood Alkaline reserve of ry 
| from Pig 1 blood from Pig 2 - 
Method ® 
5 a x ’ "2 > "> o ne 2 2 
Be Be 2o £e Be oe oe ee ek! 
3 3 3 3 3 3 3 3 me hg 
i= = > > a - = = ar) q 
| _— ‘peewee —_— 
}a.m.|p.m.| a.m a.m.|a.m.|a.m.\p.m. | a.m. | a.m, | 
” | 
I-a-1. Centrifuged and | | | 
. analyzed = im- | | 
mediately. 149.4156.7,25.8.53.158.4151.3/29.1/48.354.0 +0 
I-a-2. Centrifuged im- 
mediately; ana- 
lyzed after 2 
days. (46. 4/53.5)29.5.52.859.0.50.827.9)/48.4 1.5 
I-h Centrifuged after 
} hour; then an- 





| | | | | 

alyzed at once. |36.7/48.8)27.7)51.9156.5 49.7/27.2)45.052.6)—-3.3 

I-c. Centrifuged after 
2 hours; then 


| 


analyzed at 
once 149. 2)/29 6151 .9154.1/46.5)26.3'44.2)50.3) —3.1 





higher, by a positive sign. It will be seen that the average fall 
in alkaline reserve after intervals of 3 and 2 hours respectively 
is almost identical, and the maximum variation in the entire 
series between these two values is 3.2 volumes per cent. 

The results obtained by the open vessel method are expressed 
graphically in Fig. 1. The alkaline reserve values are plotted 
on the vertical axis, and values in the same series (that is on the 
bloods collected at the same time, but subjected to different 
techniques) are given the same position on the horizontal axis. 
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Consequently, consistent results among the different techniques 
should yield parallel lines. That the lines to’a certain extent 
approximate the parallel is an indication not only that the results 
can, within limits, be duplicated, but also that the time element 
is not an all-important factor. In other words, samples analyzed 
; hour or 2 hours after collection may not give identical values 
with the same samples analyzed immediately, but at least, cor- 
responding time intervals yield samples that are, within limits, 
comparable. There is not extreme variation between short 


intervals, as, for instance, the 4 and 2 hour intervals. 
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Fig. 1. Open vessel method. Illustrates the effect of different prelimi- 

nary treatment on the alkaline reserve values of the same bloods. Alkaline 

reserve values are plotted on the ordinates and values obtained from the 

same collections, but analyzed by various techniques, are given the same 

position on the abscisse. The general parallelism of the lines indicates 

that the results can be duplicated and that the various treatments yield 
consistent results. 


Another attempt was made to find a technique which would 
be comparable with Van Slyke’s method in which there was no 
loss of CO. during collection. Austin and Jonas*® found that 
when they brought the whole blood into equilibrium with alveolar 
air immediately before centrifugation, their results were slightly 
higher than results obtained by Van Slyke’s method, but were 
consistent with them. Since the details of Austin and Jonas’ 
procedure could not be found, the following procedure was adopted. 
This technique will subsequently be referred to as the ‘alveolar 
air method” or Method III. 
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The blood was allowed to flow directly from the tail blood 
vessels into a paraffined separatory funnel of 300 ce. capacity, 
into which sufficient potassium oxalate had been introduced to 
prevent clotting. The funnel was then turned upside down once 
or twice to insure the oxalate being mixed with the blood. Just 
before the blood was centrifuged, alveolar air was blown into the 
funnel, and the funnel was then rotated end over end at the rate 
of one complete revolution per second for 60 seconds. Alveolar 
air was again blown into the funnel, and the process was repeated. 
In all, three such aspirations were made. Theoretically, if the 
composition of the alveolar air in the funnel were 6 per cent COs, 
then, during the three aspirations, 54 cc. of CO., measured at 
the same temperature and pressure, would have been introduced. 
The average difference (as will be shown later) between simultane- 
ous determinations by Methods I and III is approximately 10 
volumes per cent, or 0.10 ec. of CO, for every 1.0 ec. of plasma. 
It is not known how much CO, is absorbed by the corpuscles 
under these conditions. Furthermore, a liquid and a gas are in 
equilibrium not when their percentage compositions are the same 
but when their partial pressures are equal; 7.¢., when the pressure 
of the gas on the liquid is equal to the tendency of the gas to leave 
the surface of the liquid. Since the actual mass of CO. absorbed 
by the blood from the alveolar air was such a small proportion 
of the mass of CO, actually introduced, and since the alveolar 
air was introduced in three separate portions, and each time was 
allowed to come into intimate diffusion relations with the blood, 
it seemed highly probable that the blood had absorbed as much 
COs as it could be made to hold under these conditions, and that 
this technique was comparable to that of Austin and Jonas in 
which they brought the blood into equilibrium with alveolar air 
before centrifuging. The whole blood was then drawn off from 
the separatory funnel into a centrifuge tube under paraffin oil 
and was centrifuged under a liver of the oil. A great many 
determinations of alkaline reserve were made from samples of 
blood which were simultaneously collected, centrifuged, and 
analyzed, one sample being treated in the manner described for 
Method I and another in the manner described for Method ILI. 
In Tables II, II], and IV and Figs. 2 to 8 will be found the 


records of the determinations so made. In some cases (Iigs. 2, 
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2, and 4, and Table II) a definite effort was made to ascertain the 
effect on the alkaline reserve values of allowing the blood to 
stand varying lengths of time before being centrifuged. The 


object of this experiment was to standardize the methods which 


might be used in subsequent experiments. In this work it was 
not the absolute alkaline reserve values of the blood as it existed 


TABLE II 


Effect of Time before Ce ntrif ugation on Alkaline Ri serve Val l¢ by V a Lou 


Methods. 


rime after col- Alkaline reserve. 
lection before 
centrifuga 


tion Method I Method III. 


Animal No lemperature Remarks 


1° 
105 
135 
165 
195 


in the animal body which were sought, but the relative values 
before and after hemorrhage. 

It was noticed early in the work that fairly constant differences 
existed between the values obtained by Methods I and III for 
different sets of samples collected and analyzed under the same 
conditions. For instance, on one day, the average difference of 
six sets of samples analyzed by Methods I and III was 4.9, the 
maximum variation from this average figure being + 1.6. On 
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another day, the average difference between the two methods 
run on the same number of samples was 8.2, the maximum vari- 
ation from this figure being 1.9. Figs. 2 to 8 show that curves 
representing values obtained by the two methods for the most 
part run fairly parallel, each curve tending to afford evidence of 
the comparative accuracy of the data represented by the other. 
Furthermore, the curves plotted from data obtained by Method 1] 
are noticeably more regular, and hence are subject to fewer minor 
variations, than those plotted from data obtained by Method II. 
The degree of accuracy with which separate collections and centri- 
fugations of samples could be duplicated by the two methods is 
indicated by the first series of data in Table II. An average of 


i 


ag Wiinules ” 

Fic. 2. On Curves I and III are plotted the alkaline reserve values ob- 
tained from samples collected at the same time, but allowed to stand defi- 
nite periods of time before being centrifuged. Curve I represents values 
obtained by the open vessel method; Curve III, by the alveolar air method. 
Duplicate collections as well as duplicate analyses were made in each case, 
and average figures used. Temperature 32°C. 


these duplicates was used in plotting Fig. 2. Although, as will 
be explained presently, Method III more nearly approaches an 
accurate picture of the true alkaline reserve values, results ob- 
tained by Method I are more easily duplicated, and apparently 
bear a more or less definite relation to the alkaline reserve values 
of the blood as it exists in the animal body. 

A partial explanation for the variation in the relative values 
obtained by the two methods was found in the variation in temper- 
ature at the time when the samples were centrifuged. It hap- 
pened that the data expressed in Fig. 2 were obtained on a summer 


‘ 


. 900 mr ‘ ‘ 
day when the temperature was 32°C. ‘The time in minutes after 


the samples were collected before they were centrifuged and 
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analyzed (or preserved in paraffined weighing bottles in an ice box) 
is plotted on the horizontal axis, the alkaline reserve values being 
plotted on the vertical axis. Although these data are very meager, 
they would seem to indicate that there was a small, though appre- 
ciable loss of CO. from the samples, even after the hour period, 
a point which was not illustrated in Fig. 1. To test further this 
possibility, two similar experiments were run, when the tempera- 
ture was somewhat lower (Figs. 3 and 4). These results tend to 
uphold the conclusion that after the initial loss in CO, by a blood 
sample, which occurs during the first 3} hour after the blood is 
drawn, there is very little subsequent loss during the following 2 
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Fic. 3. Curve I represents alkaline reserve values obtained by the open 
vessel method on simultaneous collections which were allowed to stand 
varying lengths of time before centrifugation. Curve III represents 
values obtained on duplicate collections, treated by the alveolar air method. 
Temperature 26°C. In general, values obtained by Method III are higher 
than those obtained by Method I, but are consistent with them. 


hours at ordinary temperatures; and that the values so obtained 
bear a more or less definite relation to those obtained when the 
blood is analyzed as soon as it is drawn. In only one case was a 
single value obtained which was entirely out of harmony with 
these ideas. This value is plotted at the last point in Curve III, 
Fig. 4. This plasma had been kept in an ice box for 4 days before 
it was analyzed. In general, the experience of the author entirely 
confirmed that of Van Slyke, inasmuch as plasma could be kept 
in an ice box for 7 days without appreciable loss in CO, content. 
The conclusion seems justifiable in this case that the plasma had 
undergone bacterial change or had become contaminated in some 
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other way. This contention is supported by another experiment. 
Two 15 ec. samples of blood (the alkaline reserve values of dupli- 
cate collections, by the open vessel method, were centrifuged and 
analyzed immediately, and were 53.8 and 58.4 respectively) were 
subjected for 15 minutes to the reduced pressure produced by a 
powerful vacuum pump. The blood was then centrifuged and 
analyzed, these values being 38.7 and 39.6 respectively. In these 
two cases, where the maximum loss of COQ. might have been ex- 
pected, the actual loss was 15.1 and 18.8 volumes per cent. Doubt- 
less, then, the drop of 15.8 referred to above was not due to 
accidental loss of COs. 
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Fic. 4. Curve I represents values obtained by the open vessel method 
and Curve IIT by the alveolar air method, as in case of Figs. 2and 3. Tem- 
perature 22°C. The plasma represented by the last point on Curve ITI 


had undoubtedly undergone bacterial change. 


Although temperature is doubtless a contributing factor to the 
relative differences found in the analysis of duplicate samples by 
Methods I and III, examination of the curves indicates that, in 
general, larger differences were obtained when samples having 
comparatively high alkaline reserve values were analyzed. Fig. 8 
illustrates this point. When the lowest values were reached at 
the 60 minute interval, the difference was 3 volumes per cent as 
compared with an initial difference of 15. If one had two solutions 
containing carbon dioxide in different proportions, and if one 
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manipulated these solutions in such a way that some carbon 
dioxide was lost, both solutions being treated in like manner, it 
seems reasonable to suppose that a larger mass of carbon dioxide 
would be lost by the solution containing the larger per cent of 
carbon dioxide. If one may reason by analogy, it seems logical 
that more carbon dioxide would be lost in the open vessel technique 
if the initial bicarbonate content were high than if it were low. 
Since loss of carbon dioxide is guarded against by Method IIT, 
greater differences between the two methods would be apparent 
when the initial bicarbonate content was comparatively high. 


Influence of Hemorrhage on Alkaline Reserve. 


The most surprising feature of the alkaline reserve , values 
obtained in this preliminary work on methods was the fact that 
blood shed by the same animal varied tremendously on different 
days (Table I). The values recorded in the columns headed 
June 28 a.m. and July 5 p.m. were in each case obtained from the 
same animal as the values in the columns immediately preceding and 
following. The idea might be advanced that the drops in alkaline 
reserve were the result of loss of blood from a previous bleeding. 
This seems highly improbable, however, because in each bleeding 
in this series, not more than 100 ec. of blood were taken at a time. 
Furthermore, there was no relationship between the frequency 
of bleeding and the alkaline reserve values. As the experiment 
proceeded, it became evident that the high values were invariably 
associated with the bleedings which were accomplished without 
any struggle on the part of the animal before or at the time when 
the blood was drawn. The two extremely low values referred to 
were associated with violent struggling, and the intermediate 
values represented corresponding degrees of struggle. This point 
is further borne out by subsequent experiments. The data in 
Table ILI, which are taken from a series of tail bleedings, illustrate 
this point. In this table, a lower alkaline reserve value at the 
end of the bleeding is shown by a positive sign in the column 
headed ‘‘loss in alkaline reserve during bleeding,” and vice versa. 
It is evident that, in those cases where little or no struggle took 


place during bleeding, the alkaline reserve values of the last 10 ce. 


of the large bleeding did not differ greatly from the values of the 
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first 10 cc. This fact is emphasized here in order that it may 
be borne 2. mind in connection with the data obtained in sub- 
sequent bleeding experiments. 

In a preliminary experiment an attempt was made to follow 
the alkaline reserve values of a pig daily. Because of the difficulty 
in obtaining samples, and because the work of Milroy and others 
pointed to the fact that the drop in alkaline reserve’ caused by 
hemorrhage occurs soon after the blood is shed, no further attempts 


rABLE Il 


Typical Changes in Alkaline Reserve during the Process of Bleeding. 


oan Oe oe cence Loss in 
Alkaline reserve alkaline 
Blood | Meth- reserve 
drawn od Ist 10 | Last 10, during 
ce ec bleed- 

drawn. | drawn ing 


Animal w,., “ 
No Veight Remarks 


Ibs. | cc. | 


289 | 1,400 47. 3.9 | +3.4) Quiet throughout; bled 
freely. 


289 | 1,400 | 9 | 56.9} -1.0 
245 | 1,000 | 51.2 | —0.8! Quiet throughout; bled 


| slowly. 
272 | 1,000 51.2 | 48.4 2.3) Quiet throughout; bled 
| slowly. 
210 | 1,300 | 61.6 7 | +1.9) Quiet throughout; bled 
freely. 
210 | 1,300 | 2 | 68.1 | 41.1) 
291 | 1,400 | 45. 29.1 |+16.0! Quiet before bleeding; 
| struggled violently dur- 
ing bleeding; bled free- 
ly. 
6 291 1,400 


were made to collect daily samples. The procedure subsequently 
adopted was as follows. The animal was confined in a crate, and 
the tail was shaved. A small portion of the tail was then cut 
off, and the first few cc. of blood (about 5 ec.) were discarded. 
When the blood spurted from the artery in a good stream, two 
small samples (about 10 cc. each) were collected for analysis by 
Methods I and III. The results from these samples in each case 
were plotted as the first points on the curves. The cut tail was- 
introduced into the vacuum flask and sufficient. blood was drawn 
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to approximate 6 ec. per pound of body weight. ‘Two more 
small samples were then taken as before, and the time of sampling 
was noted. The intervals between the samples at the beginning 
and at the end of the large bleeding indicated the duration of 
bleeding. From these data the approximate rate of bleeding 
could be caleulated. Since the rate of bleeding varied consider- 
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Fic. 5. Curve I (alveolar air method) and Curve II (open vessel method) 
illustrate the drop in alkaline reserve following the first hemorrhage of 
Sow 20. The time (abscisse#) is expressed in minutes before or after the 
large hemorrhage was completed; i.e., the first point on the curves repre- 
sents the alkaline reserve values of the first blood shed, the second point 
(at 0) the values of the last 10 cc. of the large bleeding. Curve III (alve- 
olar air method) and Curve IV (open vessel method) represent a second 
hemorrhage of the same animal a week later (Table IV). 


ably at different times, all subsequent samples were timed from 
the minute at which the large sample had been completely drawn. 
The animal was left in the crate, and the samples were taken at 
the intervals desired. Loss of blood between samples was pre- 
vented by tightly winding a rubber band around the end of the 
tail. At the end of the hour, the pig was taken from the crate, 
put into a pen, and was not disturbed until another sample was 
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taken in the same way at the end of an approximate 5 hour 
interval. In most cases it was a simple matter to obtain the 
5 hour sample. Occasionally it became necessary to cut the 
tail again. In such cases the fact has been noted. 

In the first experiment of this kind, samples were collected for 
analysis by both methods when 30 and 60 minutes had elapsed 
after the big sample had been drawn. In this case, as is shown 
by Curves I and II, Fig. 5, the drop in alkaline reserve was com- 
paratively small, the lowest point being reached at the 30 minute 
interval. The 5 hour sample showed that the alkaline reserve 



































Alkaline Reserve 








Wiinutles 





Fig. 6. Curve III (alveolar air method) and Curve I (open vessel method) 
illustrate the performance of Sow 21, a hyperimmune, during a second 
hemorrhage (Table IV). 


was very nearly at its original value. Since the drop in alkaline 
reserve was so small (about 5 volumes per cent) it seemed likely 
that the low point on the curve had been missed. In the sub- 
sequent experiments, samples were taken 15 minutes after the 
end of the large bleeding also. 

Curves IIT and IV, Fig. 5, show the performance of the same 
animal 7 days later, the total quantity of blood drawn being 
slightly larger than that taken the previous week. In this case, 
the alkaline reserve was consistently lower throughout. The drop 
in alkaline reserve on that day, due, presumably, to loss of blood, 
was much greater; the lowest point being reached at the end of 
15 minutes. 
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Considerable data of this nature were accumulated, without 
any attempt at further analysis of these samples. The data are 
summarized in Table IV, and expressed graphically in Figs. 5, 
6, 7, and 8. Further information concerning the drop in alkaline 
reserve associated with loss of blood is furnished by subsequent 
more elaborate experiments. 

These experiments were of particular interest inasmuch as they 
indicated that there was great variation in the drop in alkaline 
reserve due to hemorrhage. It is a well recognized fact that after 
loss of blood, the blood volume is rapidly restored, and an efficient 
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Viinutes 
Fig. 7. Curve IIT (alveolar air method) and Curve I (open vessel method) 
illustrate the effect of a first hemorrhage on Sow 22 (Table IV). 


blood pressure consequently maintained, by a dilution of the 
blood with the tissue fluids. Consequently, a drop in the total 
nitrogen content of the blood might be expected. 

Two pigs (females, Nos. 7 and 8), which were not hyperim- 
mune, were bled in the usual manner, the alkaline reserve values 
(obtained by the open vessel method) being recorded in Tables V 
and VI, and plotted in Figs. 9 and 10. Three successive bleedings 
were made on these two animals, at weekly intervals. The 
total nitrogen of the blood was determined by the Kjeldahl method, 
the samples being weighed in all cases. The results are averages 
of closely agreeing triplicate determinations. The usual drop in 
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percentage of nitrogen in 5 hours, due to hemorrhage of this 
magnitude, was 0.3 to 0.4 per cent. No explanation is advanced 
for the unusual drop of 1.01 per cent found in the second bleeding 
(Table V). More data on this point will be presented later. 
This experiment illustrates the individual reaction of animals 
subjected to the same treatment. The animals described in 


Tables V and VI were similar in size, weight, and sex, but one 
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Alkaline Foeserve 





Ninules 
Fic. 8. Curve III (alveolar air method) and Curve I (open vessel method 
illustrate the effect of a first hemorrhage on No. 23, a black male. The 
alkaline reserve values reached the lowest point encountered in this work. 
This experiment shows the combined effect of violent struggle plus hemor- 
rhage in lowering alkaline reserve (Table IV). 


suffered a greater loss in reserve alkali on bleeding than the other. 
No. 8 (Table VI) developed an acidosis, due to violent struggle 
and loss of blood, which was less severe, in terms of actual alkaline 
reserve values, than that developed by No. 7 (Table V, second 
bleeding) when she was quiet throughout. The drop in alkaline 
reserve was the sume in both cases. It is evident from data 
gathered by the repeated bleeding of the same animal that the 
loss of reserve alkali immediately following hemorrhage was not 
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Fic. 9. Curves I, I], and III (open vessel method) illustrate the effect 
of a first, second, and third hemorrhage on a female, not hyperimmune 


(Table V). 
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Fig. 10. Curves I, II, and III (open vessel method) illustrate the effect 
of a first, second. and third hemorrhage on a female, not hyperimmune 


(Table VI 
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the only variation of alkaline reserve to which the animal was 
subject. 

In many instances, the value obtained from the 5 hour sample 
was almost identical with that obtained from analysis of the first 
blood shed. The initial value obtained at the next series of bleed- 
ings, after the interval of 5 or 7 days, might be higher or lower. 
These animals were kept under ordinary farm conditions, and 
received a mixed diet. 










Influence of Hemorrhage on Other Constituents. 






These striking changes in the total nitrogen content of the blood 

made a study of the nitrogen distribution desirable. 
Taylor and Lewis,’ working with dogs, found, when large 
ita quantities of blood were withdrawn hourly under continuous 
ether anesthesia, and the blood volume so lost was compensated 
by the injection of Ringer’s solution, that the blood serum showed 
the following changes. (a) A progressive decrease in the total 
nitrogen and total protein of the serum was less than the theoreti- 
cal dilution of the blood would account for. The authors found 
no evidence, however, for the assumption of any synthesis of 
serum globulin or serum albumin during the time of the experi- 
ments. (b) They also found such a large progressive rise in 
non-protein nitrogen of the serum that they concluded that the 
increase could not have been due to any mere washing out of the 
tissues. Urea and amino nitrogen were also found to be increased 
with bleeding. They said in conclusion, ‘It does not seem pos- 
sible to resist the conclusion that the increase of non-protein 
nitrogen has been the result of an active process on the part of 
the tissues, due either to a setting free of stored amino-acids or 
to amino-acids derived from hydrolysis of tissue (cellular) protein 
or serum protein.”’ 

In the next experiment Pig 9 was bled seven times, the interval 
between bleedings being 5 days (with one exception). The 
alkaline reserve samples were collected at the usual intervals, 
whenever it seemed advisable to do so. Toward the end of the 
experiment, the blood clotted so rapidly and persistently that 
samples could not be obtained without cutting the tail. Non- 






































7 Taylor, A. E., and Lewis, H. B., ./. Biol. Chem., 1915, xxii, 71. 
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protein nitrogen was determined by the trichloracetic acid modi- 
fication of the Folin and Denis® method. The ammonia was 
distilled according to the method of Bock and Benedict,’ and the 
distillate was Nesslerized. Urea was determined by Van Slyke 
and Cullen’s'® modification of Marshall’s urease method, the 
ammonia being Nesslerized according to the suggestion of Rose 
and Coleman." Chlorides were determined by the method of 
McLean and Van Slvke,"* the proteins being precipitated by means 
of copper sulfate in alkaline solution, according to the suggestion 

=- —+ 


- % 


300 

Mtinules 
Fic. 11. Curves I to VII inclusive illustrate the effect of the first to the 
seventh bleeding of a female whose diet was limited to corn and tap water 
(Table VII). All determinations were made by the open vessel method 


of Harding and Mason.’ All the determinations were run on 
whole blood, both on the first blood shed and also on the 5 hour 
samples. The results are summarized in Table VII and Fig. 11. 

The diet of this animal was restricted to corn and tap water, 


8 Greenwald, I., J. Biol. Chem., 1915, xxi, 61 

® Bock, J. C., and Benedict, 8S. R., J. Biol. Chem., 1915, xx, 47. 

10 Van Slyke, D. D., and Cullen, G. E., J. Biol. Chem., 1914, xix, 211. 

'! Rose, A. R., and Coleman, K. R., Biochem. Bull., 1914, iii, 411. 

'? MeLean, F. C., and Van Slyke, D. D., J. Biol. Chem., 1915, xxi, 361. 
'§ Harding, V. J., and Mason, E. H., J. Biol. Chem., 1917, xxxi, 55. 
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no salt being added to the ration. It is a recognized fact from 
the extensive work of Kerr, Hurwitz, and Whipple! that diet 
plays an important part in the rate of regeneration of blood. 
Little work has been done, however, on the effect of diet on the 
chemical composition of the blood. The aim of this experiment 
was to investigate the ability of the animal to make good the 
losses in alkaline reserve, due to repeated severe hemorrhages on 
a poor and incomplete diet which was known to be acid-produc- 
ing, without the addition of salts. In this experiment no records 
were kept of the daily intake, and the excreta were not analyzed. 

The losses in alkaline reserve were much greater the first three 
times the animal was bled than they were subsequently, although 
the data on the last bleedings are not so extensive as might be 
desired, due to the great difficulty in obtaining samples. When 
a good arterial stream could not be obtained, the samples were 
not collected. Apparently the alkaline reserve value of the first 
blood shed on any day, under the conditions of these experiments, 
bears no relation to such factors as the number of times the animal 
has been bled previously, or the amount of blood taken at pre- 
vious bleedings. Whether the variations in alkaline reserve from 
week to week are entirely due to the experimental procedure, 
or are influenced by other factors to some extent is difficult to 
say. It happens that the initial alkaline reserve on the Ist day 
when the animal was bled is the lowest initial value obtained, and 
that the initial value on the last day is very nearly as high as 
any obtained. It appears, then, that this animal was capable of 
maintaining an efficient alkaline reserve over a period of 5 weeks 
on a diet which was highly acid in character, even though a total 
volume of blood amounting to 10 liters was withdrawn from the 
system during this time. So far as could be ascertained no fig- 
ures obtained by recent methods are available concerning the 
total amount of blood in the pig. If, however, one-twelfth of the 
body weight is assumed to be bloed, then the theoretical volume 
of blood in the animal at the beginning of the experiment was 
approximately 9 liters. Since considerably more than the prob- 
able initial blood volume was withdrawn during this experiment, it 
is evident that a tremendous stimulus to metabolism was afforded. 

In this connection, it is of interest to note the total nitrogen 
content of the blood at the various stages, and the distribution 


14 Kerr, W. J., Hurwitz, 8S. H., and Whipple, G. H., Am. J. Physiol., 
1918-19, xlvil, 356, 370. 
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of the nitrogen, as far as data are available. Drops in the per 
cent of nitrogen during the first 5 hours after bleeding are of the 
same order of magnitude as those reported in the previous experi- 
ment. In this case, however, there was a further drop in nitrogen 
content after the first bleeding. The intervals between bleedings 
were shorter in this experiment than in the preceding experiment. 
Beginning with the fourth bleeding, it is interesting to watch the 
total nitrogen rise. The animal is evidently succeeding in restor- 
ing some of the lost protein of the blood, even under these con- 
ditions of repeated hemorrhage, until finally, with the seventh 
bleeding, the figure falls slightly. That the protein of the blood 
was actually being increased is evidenced by the data on the 
non-protein nitrogen and urea nitrogen content of the blood. 
Although in some cases these values were higher 5 hours after 
bleeding than at the beginning of bleeding, there seemed to be 
no great tendency for these forms of nitrogenous bodies to 
accumulate in the blood to any significant extent. It is to be 
expected that in the mobilization of nitrogenous compounds neces- 
sitated by the loss of blood, unavailable portions of nitrogenous 
compounds would have to be excreted; and hence that the normal 
products of protein metabolism would accumulate temporarily in 
the blood. Of course, the small rise in non-protein nitrogen and 
urea nitrogen indicated by analysis in reality represents a very 
much larger rise in these compounds when the conditions existing 
in the body are remembered. The blood has been largely diluted 
with tissue fluids and the total mass of actively functioning tis- 
sue (the blood) has been materially reduced. In some cases, a 
decrease of these bodies, as shown by analysis, might mean an 
actual increase in their production. The fourth bleeding, where 
a comparatively small volume of blood was withdrawn, is a case 
in point. Although no salts were added to this diet which is 
known to be poor in chlorides, the changes in the percentage of 
chlorides were too small to be significant. 


DISCUSSION. 


There was a great variation in the reaction of different animals 
to hemorrhages of the same relative magnitude, and in the 
reaction of the same individual at different times. When the 
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same individual was bled a number of times, in all cases in which 
the animal struggled the alkaline reserve values dropped lower 
than in those cases in which the animal remained quiet. This 
fact was so universal that it seems safe to conclude that, other 
factors being equal, the drop in alkaline reserve in pigs, following 
hemorrhages of this magnitude, varies directly with the amount 
of struggling. In many cases, bleeding was accomplished without 
any apparent struggle. In such cases the drop in alkaline reserve 
was always small. Doubtless, if more blood had been drawn the 
drop in alkaline reserve might have been considerably greater 
even though the animal remained perfectly quiet. Since larger 
hemorrhages were not attempted, no definite information can be 
reported on this point. It is true that there was considerable 
variation in the amount of blood drawn at different times, but 
there were so many other factors which influenced the alkaline 
reserve values that differences in these values could not be attrib- 
uted entirely to differences in the volume of blood drawn. Table 
VII offers a case in point. In the case of the fourth bleeding, 
when a small volume of blood was removed, there was a small 
drop in alkaline reserve; but in the next bleeding, where almost 
twice the volume of blood was removed, the same drop in alkaline 
reserve was obtained. In the third bleeding when an unusually 
large volume was removed, there was a large drop in alkaline 
reserve, but this experiment was complicated by struggling. In 
general, when comparatively large volumes of blood were removed, 
there was a large drop in alkaline reserve, but in such cases the 
bleeding was almost invariably associated with struggle and rest- 
lessness. How much of the acidosis is attributable to actual loss 
of blood and how much to the struggling is difficult to say, the 
tendency to struggle doubtless being the direct result of the loss 
of blood. 

The statement frequently made in the literature that hemor- 
rhage is accompanied by loss in reserve alkali or by a condition 
of acidosis, has been based upon experiments, as far as the author 
has been able to ascertain, in which the experimental animal has 
been subjected to anesthesia. Since anesthesia is known to lower 
the alkaline reserve of an animal,® the exact effect of the loss of 
blood is not clear. In the experiments described above this 
complicating factor has been eliminated. It is true that another 
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factor, struggle, has been introduced. The results obtained from 
the many hemorrhages which were successfully carried out without 
any apparent struggle afford evidence of the effect of loss of 
blood uncomplicated by anesthesia or struggle. The cases in 
which struggle took place are of particular interest inasmuch as 
more or less struggle usually accompanies the bleeding process. 
Furthermore, loss of blood in general is apt to be accompanied 
by struggle and nervous excitement. 

Milroy’s conclusion that there must have been very rapid 
compensatory passage of the tissue fluid into the circulation, the 
fluid first entering the circulation being extremely poor in reserve 
alkali, is not confirmed by these experiments in which the pig 
was ‘the experimental animal and the Van Slyke apparatus was 
the means of measuring reserve alkali. In many cases the drop 
in alkaline reserve was slight. It is true that the hemorrhages 
which Milroy described were much more severe; but it seems 
reasonable to suppose that if the tissue fluids were poor in reserve 
alkali there would have been greater drops in alkaline reserve 
in many instances than were actually found. 

The fact that one animal (Table VII and Fig. 11) when bled 
seven times at intervals of 5 days was able to maintain an efficient 
alkaline reserve throughout the experiment even though her diet 
was restricted to corn and water affords further evidence of the 
fact that acidosis is not the limiting factor which must be con- 
sidered in the treatment of an animal which has lost a moderate 
amount of blood. It is true that diet undoubtedly is an extremely 
important factor in the rate of regeneration of blood." 

The rise in urea and non-protein nitrogen in the blood after 
bleeding might be caused by the breaking down of body proteins 
in an effort to replace the lost circulating protein. The urea 
might function also in maintaining normal osmotic relations. 


CONCLUSIONS, 


1. If the blood is allowed to flow directly from an artery into 


a paraffined vessel containing potassium oxalate, and if the blood 


so obtained is allowed to stand a definite time (3 to 2 hours) 
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before centrifugation, the alkaline reserve values obtained by 
analysis of the plasma by the Van Slyke method bear a fairly 
definite relation to the alkaline reserve of the blood as it exists 
in the body. These results can be duplicated with satisfactory 
accuracy. 

2. Alkaline reserve values obtained in this manner are lower 
than values obtained when the blood is brought to a definite 
CO, tension immediately after centrifugation, but, under definite 
conditions, are consistent with them. 

3. When pigs were subjected to hemorrhages amounting to 
approximately 1.3 per cent of body weight, a study of the alkaline 
reserves of these animals immediately after the hemorrhages 
resulted in the following observations. 

(a) Hemorrhages of this magnitude were usually accompanied 
by a somewhat lowered alkaline reserve during the first few hours 
after bleeding. 

(b) When the animal remained perfectly quiet throughout the 
experiment, the drop in alkaline reserve was invariably small, 

(c) If the animal struggled, the drop in alkaline reserve was 
much greater, this being noticeable soon after struggling took 
place. 

(d) When the animal remained quiet, the maximum drop in 
alkaline reserve was reached within 4 hour after the bleeding was 
completed. At the end of 5 hours, and often sooner, the alkaline 
reserve was near its original value. 

(e) There was considerable variation in the reaction of different 
individuals. 

(f) When the diet of one animal was restricted to corn and 
water and the animal was bled seven times at intervals of 5 days, 
the alkaline reserve value of the first blood shed on any day bore 
no relation to such factors as the number of times the animal 
had been bled previously, or the amount of blood (within the 
limits of these experiments) takén at previous bleedings. 

4. The total nitrogen content of the blood always fell immedi- 
ately after hemorrhage. There was a distinct tendency for the 
urea nitrogen and the non-protein nitrogen to rise. Although 
one animal was bled seven times while restricted to a diet of corn 
and water, the percentage of chlorides in the blood remained 
constant. 
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5. On an inadequate diet (corn and water) under conditions 
of repeated hemorrhage there was a distinct tendency toward 
regeneration of blood proteins. 


Grateful acknowledgment is made of the valuable criticism 
and kindly cooperation of Professor Steenbock and Dr. Beach 
of the College of Agriculture, throughout the course of these 
experiments. 
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STUDIES OF BLOOD REGENERATION.* 


II. EFFECT OF HEMORRHAGE ON NITROGEN METABOLISM. 


By MARY V. BUELL. 


(From the Department of Agricultural Chemistry, University of Wisconsin, 


Ma lison. ) 


Received for publication, August 11, 1919. 


INTRODUCTION, 


The changes in the chemical composition of the blood of the 
pig under conditions of repeated hemorrhage, reported in the 
previous paper! are of interest in the light of investigations of 
the effect of hemorrhage and acidosis on metabolism. Hawk and 
Gies? concluded that in dogs in nitrogen equilibrium hemorrhage 
stimulated nitrogen excretion. Kerr and his coworkers*® found 
that after plasmapharesis ‘“‘The basal nitrogen metabolism shows 
no constant variation under these experimental conditions, with 


the exception of a primary rise in nitrogen elimination which 
occurs in the few days following the shock of the plasmapharesis.”’ 
Haskins‘ found a decided rise in the amount of total nitrogen 
excreted on the 2 days following hemorrhage. 


EXPERIMENTAL. 


Pig A, a female weighing 330 pounds, was confined in a large 
metabolism cage, and was fed 5 pounds of corn (maize meal) 
each day, and 4 liters of distilled water. (Later 5 liters of water 


“The work described in this article forms part of a thesis submitted in 
partial fulfilment of the requirements for the degree of Doctor of Philosophy 
in the University of Wisconsin. 

! Buell, M. V., J. Biol. Chem., 1919, x1, 29. 

* Hawk, P. B., and Gies, W. J., Am. J. Physiol., 1904, xi, 171. 

‘Kerr, W. J., Hurwitz, 8S. H., and Whipple, G. H., Am. J. Physiol., 
1918-19, xlvii, 356. 

‘ Haskins, H. D., J. Biol. Chem., 1907, iii, 321. 
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were given.) No salts were added. After the animal had been 
kept under these conditions for 5 days, daily collections of the 
complete urinary excretion were made, and the following deter- 
minations were made: volume, specific gravity, hydrogen ion 
concentration by the Clark and Lubs® method, total nitrogen by 
the Kjeldahl method, uric acid by the Benedict-Hitchcock® modi- 
fication of the Folin-Denis method, creatinine by Folin’s colori- 
metric method, creatine by the Folin-Benedict’ method, ammonia 
nitrogen by Folin’s aeration method, urea by Van Slyke and 
Cullen’s* modification of Marshall’s urease method, the ammonia 
formed being titrated, and total phosphates by titration with 
uranium acetate. The animal was bled four times at intervals 
TABLE II. 


Period Averages of Urinary Analysis of Pig A. 


| Urie acid N from 


N from 


| 


POs. 


Ammonia N from 


Total nitrogen. 
total N. 
total N. 
*hosphates as 


nine. 


| Creatinine N from 
| Creatine as creati- | 





Creatinine. 

| Creatine 

| Uric acid. 

| Ammonia N, 


| 


| 


| 
| 


gm. | gm | cent | 


| 
Jan. 11-17 |17.2)1.61) 2.52, 337 | 0.61) 3200.56 2.59 15.4 11.969.2'3.950. 
“ 18-24 17.81.66) 2.51) 484 | 0.84) 3580. 603.09'17.0 12.0168.04.990. 
“ 25-31 15.81.62 77) 520 | 1.03) 2740.52)3.06 19.4 10.1/64.15.450. 
Feb. 1- 7 |20.911.90) 2.44) 823 | 1.23 3400.49 4.25 20.312.7,60.8)7.070. 
“ $412 18.31.73) 2.64) 832 | 1.47) 3340.542.95 15.215.2/67.6/4.880. 


| 
| 


| 
| 
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of 7 days, in the ordinary manner from the tail, approximately 
6 cc. of blood per pound of body weight being taken. ‘The results 
of the daily analysis of the 24 hour collection of urine are given 
in Table I, and the period averages of these same data in Table 
II. The breaks in Table I indicate the occurrence of hemorrhage. 
The results of the blood analysis are givenin Table III. The deter- 
minations, in this case, were made as described previously! with the 
exception that the ammonia in the urea determinations was titrated 


§ Clark, W. M., and Lubs, H. A., J. Bacteriol., 1917, 1i, 1 

§ Benedict, S. R., and Hitchcock, EK. H., J. Biol. Chem., 1915, xx, 619 
7 Benedict, S. R., J. Biol. Chem., 1914, xviii, 191. 

> Van Slyke, D. D., and Cullen, G. E., J. Biol. Chem., 1914, xix, 211. 
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instead of Nesslerized, a 5 cc. sample of blood being taken. The 
alkaline reserve values from this series of bleedings are plotted 
in Fig. 1. In general, the data illustrate the points which have 
already been discussed.'! Of particular interest are the results 


TABLE III. 


Effect of Hemorrhage on Blood of Pig A 


} 
Date. | ag Time of sampling. Remarks 


bleeding. 


100 ce. of blood 


Duration of 

Alkaline re- 
serve 

Urea N per 


| | r 
1919 ce. ae mg 


Jan. 17 | 1,900 | 16 | Beginning of bleed- |48 1/2.89)26.3 Fairly quiet 
| ing. 

End of bleeding. /|44.! 

120 min. after end. |44.9): 59/32.0) 


eee |. a rr 
Beginning of bleed- |50.7): 45/32.4] F airly quiet 


| 
| | 


ing. | | throughout 
End of bleeding. |50. 
15 min. after end. |50. 


throughout. 





120 min. “ 50.7|2. 20/35 .6| 
| Beginning of bleed- |51.6/2.55/33.7| Quiet at __ first. 
ing. Struggled  con- 
15 min. after end. |37.: siderably toward 
Im « “ ai 4/2.16/38 .: end of bleeding. 
| Had to cut the 
tail to get the 15 


min. sample. 
Beginning of bleed- |53.4/2.53/26.0, Quiet at __first 
ing Struggled to- 
15 min. after end. |20.6)2.11/26.5) ward end of 
bleeding. Left 
pig in crate to 
take the hour 
sample but could 
not get a good 
stream. Blood 
clotted very rap- 
idly. Animal 
quite exhausted 
but did not de- 
velop air hunger. 
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obtained at the second bleeding, January 24. In this case, there 
was no drop in reserve alkali at all, even though a larger amount 
of blood was taken than at any other bleeding in the series. In 
the case of the fourth bleeding, February 7, the drop was extremely 
rapid, but there were no symptoms of air hunger, and the animal 
apparently suffered no untoward effects from the experiment. 
The total nitrogen content was influenced by the hemorrhages 
much as in the previous experiments. Urea nitrogen was dis- 
tinctly higher at the end of 2 hours than at the beginning of bleed- 


>» 


Adsatine Fieserve 
we 


oO” 
(Vlinules 
Fic. 1. Curves I, II, II, and IV illustrate the effect of the first, second, 
third, and fourth hemorrhage on the alkaline reserve of Pig A, which was 
kept in a metabolism cage and restricted to a diet of corn and distilled 
water (Tables I, I], and IIT). All determinations were made by the open 
vessel method. 


ing. In the last bleeding (February 7) a determination of urea 
nitrogen was made at the end of 15 minutes. At this time the 
urea nitrogen was the same (a very slight rise) as at the beginning 
of the bleeding, although the total nitrogen had dropped con- 
siderably. In general, bleeding had the effect of raising the urea 
content of the blood within a short time after the blood was shed, 
and there was a tendency for the urea to remain high, although 
it dropped back to the original figure before the end of the ex- 
periment, in spite of the fact that the hemorrhages were regularly 
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repeated at intervals of 7 days. During this time of high urea 
content in the blood there was no increase in the excretion of 
urea in the urine (‘Table IT). 

In order to study the effect of hemorrhage on endogenous 
nitrogen metabolism, another animal, Pig B, a female, weighing 360 
pounds, was confined in a metabolism cage, and after being fasted for 
3 days, was offered distilled water and starch to which sufficient 
sodium chloride had been added to make the ration palatable 
enough to induce the animal to eat. After 3 days of starch feed- 
ing the sodium chloride was discontinued and daily collections 
of the urine were made. During the remainder of the experiment 
the animal received 4 pounds of corn-starch daily and about 5 
liters of distilled water. In this way, exogenous nitrogen metab- 
olism was reduced to a minimum, but sufficient calories were 
provided to cover the energy expenditure of the animal. The 
results of the daily analysis of the complete urinary excretion 
are given in Table IV, and the period averages of these results 
in Table V. This animal was bled twice, and 6 ce. of blood 
per pound of body weight were taken, the interval between 
bleedings being 5 days. The alkaline reserve values are given 
in Table VI. 

Soon after the pig was taken from the crate at the end of the 
1 hour period, she developed a severe case of air hunger. The 


respiration was shallow and rapid, about 180 a minute. She 


refused food and water and was extremely nervous. After several 
hours an attempt was made to give the animal distilled water 
by rectum. Several hundred ce. were retained. There was no 
urine during the first 24 hours after the bleeding. The urine on 
the following day was collected and analyzed in two separate 
portions. It was very deeply pigmented. On the following day, 
March 8, the pig was apparently much better. The respiration 
seemed normal. She had no difficulty in moving about, but 
continued to refuse food and water. Consequently the experi- 
ment was discontinucd, and in an effort to save the animal 3 
liters of milk in which 10 gm. of sodium acetate had been dissolved 
were administered by stomach tube. At night the pig was appar- 
ently normal, but was found dead in the morning, March 4, 
death being caused by a severe hemorrhage of the lungs. ‘There 
was no reason to believe that death was due directly to the specific 
effects of the experimental procedure. 
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TABLE IV, 
stettiadh anne of Urine of daria B. 


Urine. 


total N. 
total N. 


nine 


Creatine as creati- | 
Uric acid N from | 


Specific gravity. 
Creatine N from | 
Uric acid. 
Phosphates as 


Reaction. 
| Creatinine N from 


| Creatinine. 


~] 
8 
, ee, | 


.~] 
~ 
rool 
= 
c 
® 
~ 


| 6.2)1.008/12.93.93 8.19) 465 | 1.12) 532/1.23 
| 6.61.006, 9.51.90) 5.46) 432 
| 6.6/1.005) 7.5/2 20) 7.88) 392 | 1.63) 3261.; 
| 6.6) 4.61.47, 8.60) 112) 0.75) 189)1.2: 
| } | 
be 8) 7.38) 392 | 35) 4221. 
61.63) 5.70) 347 | 1.41) 2490.4 
.3)1.74) 6.35) 204 | 0.86) 252). 

| 8 358 | 1.42) >88I1.10 
.0)2.22}11.83) 345.) 2.12) 304/1.8 

| | | 


| 
| 
| 
| 
| 





| hd = 
| 2,960 1270/2. 93} | 7,202 | 8.31) 5800.64) 6.600.244 
3a*| 1,460 | 6.0/1.021/12.2)1.58) 3.47) 3,789 | 9.62) 292)0.71) 3.500. 28 
3b*| 1,500 | 6.2/1.018/14.7)1.34) 2.46) 3,412 | 7.22) 2880.59) 3.090. 21 
| | | | | | | | | } 


| 








* The urine excreted during this day was collected and analyzed in two 
separate portions, a and b; a represents the period from 8 a.m., March 2, 
to 5 p.m., March 2; 6 represents the period from 5 p.m., March 2, to 8 a.m. 


March 3 
The breaks in the table indicate the occurrence of hemorrhage. 


TABLE V. 


Period Averages of aiid Analysis of Pig B. 
1c. reati-| C rea- | Crea- | | Uric | Phos- | ‘ 
Date | Total | Creati-| nine N| tineas| tine N| Uric | acid N | phates| P:0s 
ave. | N. | nine. | from | creati- | from acid. from | as | 
total N.| nine. |total N.| |total N.| P20s. | 
| 


= 


1919 | gm. | gm. = we. \eureed mg. "| per cent gm. 
Feb. 20-2 6.9 | 1.904 7.39) 280] 1.26 | 284 | 1.23 | 

sé Leal 7.4 | 2.125) 7.7 329 | 1.33 303 1.18 | 
Mar. 2-3 | 13.5 | 1.467) 2.92 | 3,600 | 8.31 | 290 | 0.64 
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TABLE VI. 
Effect of Hemorr rhage on Blood of Pig B. 


i 





Blood | 


Date Pre Aa rime of sampling. 


bleeding 


' 
Remarks 
| 


Duration of 
Alkaline re- 


| min per | ~~ 
3 | Beginning of bleed- |: 53.83.06) Pig was quiet until the 
| ing. | last 4 hr. Then she 
| End of bleeding. struggled intermit- 
| 15 min. after end. tently. Seemed ex- 
hausted at the end 
of the hour. Respi- 
ration was heavy and 
deep, about 70 per 
min. 


Beginning of bleed- |: 2. Pig fairly quiet while 

ing. | | in the crate. Strug- 

| 15 min. after end. |36 i} gled a little inter- 

mittently during the 
last } hr. 








DISCUSSION. 


The data obtained on the effect of repeated hemorrhage on 
the composition of the blood of pigs (Tables III and VI, and Figs. 

and 2) supplement the data already reported in the previous 
paper. In one case, Fig. 1, Curve II, there was no drop in alkaline 
reserve after hemorrhage. 

The data obtained from the urinary analysis of Pig A (Tables 
I and II) give no definite indication of increased nitrogen excretion 
due to hemorrhage. Although the collections were made at the 
same time each day, it is evident that in some cases the urine 
so obtained in reality represented a longer period than 24 hours, 
and in other cases a shorter period. When period averages are 
considered, the values vary in each direction and therefore can- 
not be interpreted as demonstrating a significant change. In 
the case of Pig B, however, where the nitrogen excretion repre- 
sented endogenous metabolism only, there is a definite indication 
of increased nitrogen metabolism. This fact might be interpreted 
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as meaning that when no protein was furnished from which the 
animal could obtain fragments necessary to replace the lost 
tissue, there was greater autolysis of body tissue to made good 
the loss and also greater activity of the blood-making organs 
with a correspondingly increased excretion of the end-products 
of the metabolism of these organs. Since the data on the effect 
of hemorrhage on endogenous nitrogen metabolism is so limited. 
and since the experiment terminated fatally to the animal, leav- 
ing room for doubt as to the exact nature of the cause of death, 
too much stress should not be placed on the results. 
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Fic. 2. Curves I and II (open vessel method) illustrate the effect of the 
first and second hemorrhages on Pig B. The pig was kept in a metabolism 
cage and the diet was restricted to starch and water. The last point on 
Curve II represents a sample of blood taken just before severe symptoms 


of air hunger set in Tables IV, V, and Vi I. 


In the case of Pig A the effect of hemorrhage on uric acid 
metabolism was too small to be significant. According to the 
theory of Lewis and his coworkers,’ amino-acids stimulate all 
cellular metabolism, with the result that after protein ingestion 
(in man) there is an increased excretion of uric-acid. If 


hemorrhage causes autolysis of tissue protein, an increased excre- 
tion of uric acid might be expected. Uric acid, however, is 
not the only end-product of purine metabolism in the pig. Under 


® Lewis, H. B., Dunn, M.S., and Doisy, E. A., J. Biol. Chem., 1918, xxxvi, 9. 
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the stress produced by hemorrhage, it is conceivable that purine 
metabolism might be carried out of its normal course. In the 
case of Pig B, where uric acid excretion was entirely endogenous, 
the effect of the first bleeding is not clear. If amino-acids stimu- 
late uric acid excretion, it would be expected that total nitrogen 
and uric acid would run parallel and consequently that the per 
cent of urie acid nitrogen would not rise. The fact that there 
was an increased uric acid excretion on the day following bleeding 
does not necessarily mean that there was an increased production 


of urie acid during that day, because of the uncertainty of the 


—+ 


208 3 4u 

















Fig. 3. Curve I represents the daily urinary fluctuation in the per cent 
of creatine nitrogen of total nitrogen. Days on which bleeding took place 
are represented by vertical lines. Bleedingstimulates creatine elimination. 
Curve IT represents the daily fluctuation in the ratio of P.O; to nitrogen 
This ratio rises after the ISth day, and falls again on the day following 


bleeding (Pig A, Table I 


accuracy with which the samples represented a 24 hour period. 
The period averages show a slight increase in uric acid production 
after the first bleeding, too small, however, to be significant. 
If the first collections of urine after the second bleeding (there 
was no urine on the first day) represented a 48 hour excretion, 
then the actual amounts of uric acid excreted remained remark- 
ably constant. In any case, the uric acid excretion was not at 
all proportional to the total nitrogen. Although there is no 
experimental evidence for this view, it is conceivable that those 
tissues which are comparatively low in nucleic acid, such as the 
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muscles, were autolyzed to a great extent, with the result that 
uric acid excretion was not proportional to nitrogen excretion. 

Much emphasis has been laid on the constancy of the creati- 
nine excretion for each individual. Haskins,‘ however, found a 
significant decrease in the creatinine excretion following hemor- 
rhage. It is true that in the case of Pig A there was considerable 
daily variation in the amounts of creatinine excreted. The per- 
centages of creatinine nitrogen were fairly constant, however, 
particularly when period averages are considered. It happens 
that in each case there was a slightly diminished excretion of 
creatinine nitrogen, expressed as percentage of total nitrogen, on 
the day following bleeding. These drops fall well within the 
limits of daily variation, however, and therefore cannot be con- 
sidered significant. An apparent fall in the per cent of creatinine 
nitrogen might, of course, be due to a corresponding increase in 
total nitrogen excretion. This experiment, therefore, affords no 
evidence that repeated hemorrhages of this magnitude influence 
the excretion of creatinine. In the case of Pig B, the period 
averages might seem to indicate that there was a significant 
reduction in creatinine output after the second bleeding. This 
effect, also, is directly dependent upon the accuracy with which 
this collection of urine represented the excretion of the 48 hours 
following bleeding. Since this point is in doubt, there is little 
reason to think that the creatinine value was actually lowered 
by bleeding. 

In the case of Pig A, there seems to be no doubt that hemorrhage 
increased the excretion of creatine when both actual amounts 
of creatine and percentage of creatine nitrogen are considered. 
According to the conception of Underhill!°® that acidosis is a 
determining factor in the excretion of creatine (in rabbits) this 
result might be explained on the basis of the fact that hemorrhage 
is accompanied by lowered alkaline reserve. Several facts, how- 
ever, are in opposition to this view. The data here presented on 
the effect of hemorrhage on alkaline reserve, ammonia excretion, 
and the hydrogen ion concentration of the urine, all point toward 
the fact that the acidosis produced by this experimental procedure 
was usually slight and of brief duration. Steenbock and Gross," 


10 Underhill, F. P., J. Biol. Chem., 1916, xxvii, 127. 
11 Steenbock, H., and Gross, E G., J. Biol. Chem., 1918, xxxvi, 265. 
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working with pigs, found that intensive protein-feeding resulted 
in increased creatine production even during alkalosis. The con- 
clusion seems more plausible, therefore, that the increased creatin- 
uria was caused by an alteration in the course of nitrogen metab- 
olism due to hemorrhage. 

When the exogenous nitrogen metabolism was eliminated (Pig 
B), the second bleeding brought about a tremendous rise in the 
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Fic. 4. The vertical lines represent the averages of the actual amounts 
of creatinine, creatine, uric acid, and total nitrogen respectively excreted 
during the various periods of the experiment. Line I represents the fore 
period, Line II the period between the first and second hemorrhages, Line +i 
III the period between the second and third hemorrhages, etc. (Pig A, 
Table II). 











amount of creatine excreted, and also in the per cent of creatine 
nitrogen. It is true that other unknown factors beside simple 
hemorrhage may have entered into this effect. The picture sug- 

gests itself, however, that when the blood stream is suddenly 
flooded with the fragments resulting from the breaking down of 
protein of either endogenous or exogenous origin in such large 
amounts that the organism is unable to metabolize them in the 
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ordinary 
results. 
There are considerable data in the literature to show that acid- 
feeding, if sufficiently intensive, produces an increased excretion 
of phosphates in the urine in animals. Goto!® found that acid- 
feeding produced no definite influence on the distribution of phos- 
phates between urine and feces of rabbits. The data for Pig A 
show that the phosphate excretion in the urine was fairly con- 
stant until the 18th day of the experiment. At this point the ratio 
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—— rose definitely. This fact shows clearly, if it is assumed 


way, an increased creatine production and excretion 
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that there was no corresponding fall in fecal phosphate, that 
alkaline phosphates were being lost from the body, presumably 
to help neutralize the excess acid formed. The fact that the next 
two bleedings were followed on the next day by a decreased 
P2O5 
N 
were exhausted at the time, due to loss of large quantities of 


phosphoric acid in the blood withdrawn. In the case of Pig B, 
» 


PO; _.. ac oe 
the -.— ratio remained fairly constant throughout. This effect 


N 
would be expected on account of the short duration of the experi- 
ment; but it is of particular interest inasmuch as the nitrogen 
figure rose so high after the second bleeding, and no phosphates 
were supplied with the food. 


ratio may indicate that the readily available phosphates 


It is a rather remarkable fact that the hydrogen ion concen- 
tration of the urine of Pig B suffered so little change after the 
second bleeding during the 48 hours when the animal was suffering 
from acute air hunger. 

In the alkaline reserve values (Table V1) obtained after the 
second hemorrhage is found an interesting example of a pre- 
liminary fall in alkaline reserve with the usual attempt at rapid 
restoration, followed by a second’sharp fall. It is unfortunate 
that samples of blood could not be drawn during the entire period 
of air hunger. 


2 Goto, K., J. Biol. Chem., 1918, xxxvi, 355. 
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CONCLUSIONS. 


1. On a diet of corn and water, under conditions of repeated 
hemorrhage, the creatine excretion of two animals (pigs) was 
definitely increased. This effect was cumulative. 

2. When the diet was restricted to starch and water, the second 
hemorrhage caused an increased excretion of total nitrogen, 
phosphates, and creatine. 

3. The theory that hemorrhages amounting to 6 ec. per pound 


of body weight are not necessarily accompanied by a severe grade 


of acidosis is supported by the following observations. 

(a) The drops in alkaline reserve were slight and of short 
duration. 

(b) There was no great increase in the ammonia nitrogen 
excretion after hemorrhage. 

(c) The hydrogen ion concentration of the urine was not defi- 
nitely influenced by hemorrhage. 








ANIMAL CALORIMETRY. 
SIxTEENTH PapER. 
THE INFLUENCE OF LACTIC ACID UPON METABOLISM.* 
By H. V. ATKINSON anp GRAHAM LUSK. 


WITH THE TECHNICAL ASSISTANCE OF G. F. SoperRsTROM.t 


(From the Physiological Laboratory of Cornell University Medical College, 
New York City.) 


(Received for publication, September 15, 1919.) 


The experiments of this laboratory have demonstrated that a 
causative element of the great increase in heat production after 
meat ingestion is due to the stimulus provided by the acid products 
of protein metabolism. Thus, when glycocoll and alanine are 
given to a dog the metabolism increases greatly (1, 2). The 


increased metabolism is not due to the process of deamination or 
of urea formation because the administration of glutamic acid (1) 
or of asparagine (3) (the latter having the same NHe content as 
glycocoll) is without influence upon metabolism. The increased 
function of the kidney is without inftuence, for neither urea nor 
sodium chloride, when administered in aqueous solution, has any 
power to increase the basal metabolism (4). These experiments 
also exclude an increased osmotic exchange between the blood 
stream and the cells as a cause of the specific dynamic action. 

It might be objected that glycocoll and alanine, which some- 
times produce vomiting, cause an increased metabolism through 
gastric or intestinal irritation, but urea and salt solutions also 
sometimes produce vomiting; yet when they are retained by the 
stomach there is no rise in heat production after their adminis- 
tration. Benedict and Emmes (5) have shown that the adminis- 


* An abstract of this work was published as, Calorimétrie comparée de 
l’ingestion de viande, d’acide lactique et d’alanine chez |’animal (Lusk, 
G., Compt. rend. Acad., 1919, elxviii, 1012). 

t Of the Russell Sage Institute of Pathology, in affiliation with the 
Second Medical Division of Bellevue Hospital. 
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tration of severe cathartics does not cause the heat production to 
increase. Furthermore, the increased metabolism is not due to 
the sudden availability of glycocoll or of alanine as providers of 
heat because a considerable increase in metabolism is achieved 
when these substances are administered in phlorhizin glycosuria, 
under which conditions they are completely converted into glucose 
and urea without the liberation of energy by oxidation (2). The 
amino-acids themselves are not stimuli to metabolism, for Rubner 
(6, a) has correctly shown that that quota of the ingested protein 
which is absorbed as amino-acids and deposited as new protein 
in the body exercises no specific dynamic action, in other words, 
does not raise the heat production. 

There is a fundamental distinction between the heat production 
induced by protein and that brought about by carbohydrates. 
Thus, when a fasting dog is caused to perform a measured quantity 
of work, his heat production is the same as when he is given sugar 
in abundant supply. If the dog is given meat and caused to do 
the same amount of work as before his energy production will be 
raised above the basal level by the increment of the specific 
dynamic influence of the meat superimposed upon the increment 
of metabolism produced by the performance of the work (7). 

In this fact lies the proof that the character of the cause of the 
increased heat production after giving meat and carbohydrate is 
essentially different. 

That the primary metabolites are different is also indicated by 
the fact that, though fructose, when given in phlorhizin glycosuria, 
is converted into glucose and as such completely eliminated in the 
urine, the intermediary metabolites involved in this chemical 
transformation do not cause any increase in the metabolism of 
the dog (2). 

In this connection it is of interest to note that the alkaline 
reserve of the blood falls after the administration of meat, which 
indicates the production of acid metabolites; this is not in evidence 
after the ingestion of a vegetarian diet (8). Atkinson and Lusk 
(3) have demonstrated that 200 cc. of 0.4 per cent of hydrochloric 
acid will increase the heat production in the dog from 20 to 21.25 
calories per hour. 

Furthermore, in phosphorus poisoning, a condition in which 
large quantities of lactic acid are produced, the heat production 
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is increased (9). It also appears probable that the rise in heat ; 
production in severe anemias is due to the pathological production 
of lactic acid from carbohydrates, which production may be 
assumed to take place only in the absence of an adequate oxygen 
supply to the cells (10). 

These considerations naturally lead one to the conclusion that 
lactic acid itself, if given to a dog, might cause an increase in the 
heat production, just as ingested alanine does, a presumption 
which proved to be justified. 












Methods, 








The dog was given the “standard diet”’ at 5 p.m.; then either 
(1) the ‘‘basal metabolism’’ was determined by the calorimeter 
on the following morning, 18 hours or more after food ingestion, 
or (2) the material to be investigated was given by stomach tube 
during the morning and the dog was then placed in the calorimeter 
at an environmental temperature of 25 or 26°C. The results in 
the two instances could be compared (2). 













EXPERIMENTAL, 






It was found that when 10 ce. of d-l-lactic acid containing 8 
gm. of lactic acid in solution were dissolved in 500 ec. of water, the 
dog invariably violently vomited the material. In one instance 
when 500 cc. of pure warm water were administered the dog regur- 
gitated a considerable amount of the ingesta as though the mass 
were too great to be retained. However, when 500 cc. of water 
containing 2.5 gm. of Liebig’s extract of meat were given the fluid 
was always retained. Whether this difference was due to the 
saline content or to the flavoring extractives in the Liebig’s extract 
is unknown, but it is certain that beef broth is more readily re- 
tained in the stomach than plain water. When 2.5 gm. of Liebig’s 
extract were added to the 1.6 per cent solution of lactic acid 
described above the fluid was retained in about half the instances. 
At one time, after quite frequently repeated administrations, the 
lactic acid solution was persistently vomited whenever given and 
the completion of the work was delayed until the dog’s stomach 
had recovered from its abnormal irritability. When the lactic acid 
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was diluted with 400 ce. (instead of 500 cc.) of water the resulting 
2 per cent solution was vomited. The solution was always given 
at a temperature of 38°C. 


Series 1. 


In this short series of experiments a comparison of the metab- 
olism, after giving 8 gm. of lactic acid, with that found after 
giving 8 gm. of alanine was made as shown in Table I. 


TABLE I. 
Dog XVIII, Series 1. 


} 


ly Calories per 
| Sours hour. 


: ve ot ex- | 
State of nutrition. peri- | R.Q. |__| 
ment. In- 


| direct. | 
| 


(17.8 
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e over 


Date. 


1 
| 


ment. 
creas 
ind 
basa 
calor 


Direct.) S- 


| 
| 
| 
| In 
| 
| 


} 
g g 


| No. of experi- 


| 


1918 | 
26 Basal metabolism. | 0.84 


t — 
= ~J 
cop 
oe 
— 

= 6 
eS YS 


4. 
a 


27; Lactic acid, 8 gm.; Lie- | 2 | 0.93 | 20.5 
big’s extract, 2.5 gm.; | 

| water, 500 ce. 

Alanine, 8 gm.; Liebig’s |: 0.90 | 19.3 | 19.2 
extract, 2.5 gm.; | 
water, 150 ee. 


31) 


The urinary nitrogen in Experiment 20 was 0.085 gm. per hour; 
in Experiment 25 it was 0.113 gm. per hour. In Experiment 22 
it was assumed that the metabolism of body protein furnished the 
same 0.113 gm. of nitrogen per hour as in Experiment 25, that 70 
per cent of the total amount of d-l-alanine was metabolized, and 
that of this 23 per cent was metabolized in the 2nd, and 21 per 
cent in the 3rd hour after the ingestion of the material (11). 

Since lactic acid and glucose yield almost the same number of 
calories per gm. and both yield a respiratory quotient of 1.00, the 
calculation of the heat production by the indirect method after 
the usual manner is entirely justified. 

The experiments (Table I) indicate that 8 gm. of lactic acid 
administered in 500 cc. of water increase the metabolism from 
17.8 to 20.9 calories, an increment of 3.1 calories, whereas 8 gm. 
of alanine given in 150 ce. of water cause an increase of only 1.5 
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calories. Unfortunately, no more alanine was available. The 
discrepancy between the results was due to the difference in the 
quantity of water ingested, as appears in the second series of 
experiments. 










Series 2. 





It was stated by Rubner (6, 6) and substantiated in this labo- 
ratory that the ingestion of a solution of Liebig’s extract of meat 







TABLE Il. 
Dog XVIII, Series 2. 
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1919 | 
34 | Feb. 24) Meat, 1,080 gm. 2 | 0.80 | 34.0 | 34.1 | 16.6 
37 | “ 28) Basal metabolism. 2 | 0.85 | 17.3 | 17.0 | 
39 .| Mar. 3) “ - 3 | 0.85 | 17.6 | 17.2 | 
0 | “ 4) Laetie acid, 8 gm.; Lie- 3 | 0.88 | 19.4 | 18.3 0 
big’s extract, 2.5 gm.; ; 
water, 500 ce. cf 
i “  5| Basal metabolism. 3 | 0.82 | 17.5 | 16.7 
$2 “ 11) Liebig’s extract, 2.5 gm.; 3 | 0.80 | 18.5 | 17.6 1.3 
water, 500 ce. 
45 * 12) Basal metabolism. 2 | 0.81 | 17.1 | 17.0 
it “ 13) Liebig’s extract,2.5gm.; 3 | 0.78] 18.2/ 17.5] 0.8 
water, 500 ce. 
5 | “ 14) Liebig’sextract,2.5gm.; 3 | 0.84] 17.0 | 16.9 
water, 150 ce. ‘4 
Average pine didaas Daetiaa aathiee eit | 19.6 | 19.1 | 












was without influence upon the heat production. The increase in 
metabolism after giving meat extract to Dog X VIII, as shown in 
Table II, seemed at first difficult of interpretation. However, it 
was demonstrated by Experiment 45 that when the volume of the 
fluid administered was reduced from 500 ce. to 150 ec. the trust- 
worthiness of the older experiments was confirmed, for there was 
then no rise in the heat production. 

However, whenever the larger volume of fluid was given there 
was a rapid elimination of it by the kidney, as is shown in Table ITT. 











84 Animal Calorimetry 


It appears, therefore, that during the transportation of a large 
quantity of fluid through the system the heat production rises 
about 1 calorie per hour above the basal level (in Experiment 42, 
1.1 calories, in Experiment 44, 0.8 calorie). A similar phenomenon 
must also occur in man in the exercise of the habit of excessive 
beer drinking. 

The result of these investigations modifies the interpretation 
to be placed upon Experiments 21 and 40 in which lactic acid was 
administered in 500 ce. of water and increases of 3.1 and 2.0 
‘alories per hour were noted, 1 calorie must be deducted in order 
to give the true increment of the increase due to lactic acid. This 
would indicate increases of 2.1 and 1.0 calories due to 8 gm. of 


TABLE II. 


Quantity of Urine Eliminated after the Ingestion of 500 Ce. of Water Con- 
taining 2.6 Gm. of Liebig’s Extract. 


' 
No. of experiment. Duration of period. Total volume. Volume per hour. 
| 
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lactic acid, which increases are to be compared with an increase 
of 1.5 calories due to the ingestion of 8 gm. of alanine (the latter 
having been given in a quantity of water which would not have 
increased the heat production). 

Having determined that 8 gm. of lactic acid and the same 
amount of alanine produced comparable effects, it remained to 
investigate the influence of 8 gm. of glucose upon the heat pro- 
duction. The first two materials under favorable conditions 
may be completely converted into the third. If the reverse 
reaction takes place, and if 8 gm. of glucose are to any degree 
convertible into lactic acid or alanine, the metabolism would 
surely be increased. This problem is answered in the third series 


of experiments. 
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Series 8. 


A dog received 8 gm. of glucose dissolved in 150 cc. of water 
and the results given in Table IV were obtained. 

It is evident from these results that glucose given in this small] 
amount is without influence upon metabolism. It had been pre- 
viously known that the administration of 20 gm. of glucose to a 
dog was almost without influence upon the basal metabolism (1). 


TABLE IV. 
Dog XVIII, Series 3. 


H Calories per 
No. of nag hour 
experi- State of nutrition. pecker 


yeri- 
ment I 
ment. In- 


divest Direct. 


1919 
May 9 Basal metabolism. , 16.6 


“ 


10! Glucose, 8 gm.; water, 150 ce. . a 15.8 


CONCLUSIONS. 


1. 2.5 gm. of Liebig’s extract of beef dissolved in 500 ec. of water 
facilitate the retention by the stomach of this quantity of fluid by 
a dog weighing about 11 kilos. 

2. It also prevents at times the regurgitation of 500 cc. of a 1.6 
per cent solution of lactic acid. 

3. The quantity of heat produced by the dog after the ingestion 
of 2.5 gm. of Liebig’s extract of beef dissolved in 150 cc. of water 
is the same as that of the basal metabolism, but when the mass of 
fluid given reaches 500 ec. there is an increase of 1 calorie per hour, 
during which experimental period the quantity of urine eliminated 
averages about 100 cc. 

4. After allowing for this factor, it appears that the increased 
heat production after giving 8 gm. of d-l-lactic acid is 2.1 and 1 
‘alories and is comparable with that obtained after giving 8 gm. 
of d-l-alanine, 1.5 calories. 

5. Following the administration of 8 gm. of glucose in 150 ce. 
of water there is no rise whatever in the basal metabolism. It 
seems therefore improbable that either lactic acid or alanine is 
normally produced in appreciable quantities from ingested glucose. 
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TABLE V. 


Calories. 


Date Time 


weigh 


tein. 


| Experiment 

| No 

| Protein 
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Non-pro- 
Indirect 


gm 
26 | 2011.26-1: 5. S84 7.04 0.085 | 2.: 15.5: 7715.93 
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12.30 - 5.78 f >. 82 | ‘ ‘ 12 29)18.11) 2 


d 
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12.00- 1.00 5.47) 4.85 0.86 6: 4. 75 16.23/16. 37 


3 | 39:11.00-12.00 6.39 5.48 O.85 6.8: 27|18.35)17.34) 2 
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1.00— 2.00) 6 5.19 O.85 2 3.28 17.36)18.67 2 


10. 11.00-12.00) 6 4 O 5.04.19.12)17.45 
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12.00 00; 7 o.S1 0 7 ( 5.74.19. 78/17 .92 
1.00- 2.00 6.75) 5.81 O.85 6.46 5.38 19.46,19.5 


5 | 41)/11.00—12.00) 5.89) - 0.86 ‘ 2.75 16.62 16 
12.00 00) 6 1.47 O.8 y . 28 18.12 16 
1.006- 2.00) : 9.39 0.3 ys K 3.98 17.82 16 


12 11.00-12.00 6 5.52, 0.82 ; 19 18.33.16.57 
12.00 OO 5.! > 0 ) : 09:17 .93.17.32 
1.00- 2.00 6. f 05 6 ; 5.38)19. 22/18. ! 


13.11.00-12.00 5.78 5.06 0.83% 6 t 7 3.00 16.84.17 .14 
12.00 OO : 5.24 0.80 6. J 3.84 3.48 17.32)16.85 


“ 43) 4411.00-12.00 6.11 5.26 0.84 3.84 3.74/17. 58/18. 43 
12.00— 1.00 5.88 5.66 0.75 6.60 (0.145 3.84 14.64)18.48)17.12 2 
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1.00 00 5.96 5.71 0.76 6.61 (0.145 3.84 14.85 18.69 16.98 22 


* Nitrogen values in parentheses are assumed from nearby records of the basal valu 
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ummary of Dog XVIII. 


Morning 


cals Behavior of dog. 
ig . 


| Quiet. 


Slight movement. 
Quiet. 


| Slight movement between 
the 2 hours. 


| Several movements. 
| 


“ “ 


Slight movement. 
Quiet. 
| Slight movement. 
| Quiet 
| Slight movement. 


Quiet. 


“ee 


“e 


“ce 


Slight movement. 


Quiet 


‘ 


Slight movement. 


} Quiet. 
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Basal metabolism. 


8 gm. lactic acid; 2.5 gm. meat extract; 500 ce. 
water at 10.35 a.m. 


8 gm. alanine; 2.5 gm. meat extract; 150 ce. 


water at 10.30 a.m. 


1,080 gm. meat at 9 a.m. 


Basal metabolism. 


Basal metabolism. 


8S gm. lactie acid; 2.5 gm. meat extract; 500 ce. 
water at 10.17 a.m. 


Basal metabolism. 


2.5 gm. meat extract; 500 ee. water at 10.20 a.m. 


Basal metabolism. 


2.5 gm. meat extract; 500 cc. water at 10.15 a.m. 
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Calories 


. . Urine 
ime . 2 0 J 
I = . - He basal N 


tein 


No 


Experiment 
Protein 
Non-pro- 
Indirect 


Alanine 


1919 gm. gm 
Mar. 14 30-12.30) 5.82) 4.83 0.88 | 145) | 3 12.41,16.25/16.37 
30- 1.30! 5.98) 5. SL: 145) | 3 14.04. 17.88 16.28 
.30- 2.30) 5.93) 5 5 145) |: | 13.07 16.91 18. 12 


2.45) 5.81] 4 86 0.150 | 34 | 12.46'16.4415.39 
45) 5.90) 4.57 0. 0.150 | 3.4 11.6415.62/17.00 
45) 6.01| 5.35 0.82 7.44 0.150 | : | 13.79|17.77117.98 


00-12 .00) 5.70) 4.5: 4 0.155 11.40 15.51 13.76 
2.00— 1.00) 5.95) 4. 0 6.92 0.155 11.99,16.01 6.33 


The authors wish to acknowledge the assistance of Messrs. J. 
T. Sheridan and W. M. Stobbs in carrying out these experiments. 
Mr. Sheridan, a student of brilliant promise, died of the grippe 
while the experiments were in progress. 
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‘one l ided. 


Morning | Behavior of « 
weight } 


| Quiet. 2.5 gm. meat extract; 150 ec. water at 10.25 a.m. 


10.80 | ii Jasal metabolism. 


“c 


| Slight movement. 
| Quiets 8 gm. glucose: 150 ce. water at 10.24 a.m. 


“ae 
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The nutritive value of the banana as determined by its ade- 
quacy for the growth or maintenance of albino rats has recently 
been the subject of investigation by Sugiura and Benedict (1). 
Rats maintained on banana alone failed to increase in size and 
died after periods of 16 to 80 days without marked loss in weight. 
It was suggested that the physical properties of the banana might 
not be favorable for the utilization of the food materials in the 
digestive tract of the rat. Further experiments in which the ba- 
nana supplied only a part of the ration indicated that the banana 
was lacking in adequate amounts of protein and the water-soluble 
accessory (water-soluble B). For the cure of infantile scurvy 
the banana has been observed to have little antiscorbutic value 
(2), being decidedly inferior to the juice of the potato or orange. 
No studies of the antiscorbutic value of the banana in experi- 
mental scorbutus of the guinea pig have been reported. 

Three cases of scurvy developed in the group of rats on an 
exclusive banana diet in the experiments of Sugiura and Benedict 
(1). No elinical or postmortem observations are recorded, how- 
ever. The rat is not commonly considered to be susceptible to 
experimental scurvy, and McCollum and Pitz (3) have shown 
that normal growth and reproduction are possible in the rat on 


diets which produce scurvy in the guinea pig. Similar results 
have been obtained by Cohen and Mendel (4). Harden and 
Zilva believe that the antiscorbutic factor is necessary for the 
normal growth of the rat (5) even though those animals do not 


develop the typical lesions generally associated with the disease. 

Like conclusions have been reached more recently by Drum- 

mond (6). Tozer (7) has also reported that in guinea pigs on 
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diets deficient in factors other than the antiscorbutie principle, 
notably the fat-soluble accessory, histological study may reveal 
a condition closely resembling that present in experimental 
scurvy. In view of these facts and of the absence of detailed 
clinical or autopsy data, it may be considered questionable 
whether Benedict and Sugiura were dealing with typical experi- 
mental scurvy in their rats. 

The present series of experiments is concerned with the value 
of the banana as an antiscorbutie in experimental scurvy of the 
guinea pig. 

EXPERIMENTAL. 
The experimental animals were young guinea pigs, for the 


most part about 300 gm. in weight. The greater number of the 
animals were purchased from a local dealer, who bred small 


numbers of them, and in whose pens the sanitary conditions were 
known to be excellent. In later experiments it became neces- 
sary to purchase some animals from wholesale dealers. In all 


cases, however, the animals were kept under careful observation 
in the laboratory on mixed diets until it was established that 
they were in good health. The animals were confined in cages 
about 30 by 18 inches in dimension which allowed a reasonable 
amount of exercise. These cages were cleaned daily, steamed 
out with live steam on alternate days, and once a week were 
washed: out with a weak solution of phenol. Food consumption 
was determined by daily weighing of the uneaten portion. With 
the exception of a few days at the outset of the experiments, the 
containers for the drinking water were sterilized daily. The 
guinea pigs were weighed on alternate days. 

The symptoms which were taken as a criterion of the onset of 
scurvy were those described by Chick, Hume, and Skelton (8), 
and by Cohen and Mendel (4). In all cases, the clinical data 
were checked up by postmortemy examination, although it was 
not possible to secure histological examination of the tissues. 

Bananas as the Sole Source of Food.—Sugiura and Benedict (1) 
have shown that the banana is deficient in protein and water- 
soluble B, and that adequate nutrition of the white rat is impos- 
sible on a diet consisting solely of bananas. Inasmuch as the 
nutritive requirements of the guinea pig have not been worked 
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out in such detail as have those of the white rat, it was consid- 
ered desirable to study the influence of the banana diet on the 
growth of young guinea pigs. Two typical experiments are 
presented in Chart 1. Guinea Pig K with an average daily con- 
sumption of over 65 gm. of banana lost weight rapidly and died 
on the 26th day. No clinical signs of scurvy were evident and 
the postmortem examination of the animal revealed a marked 
condition of inanition, but no lesions of scurvy. Similar results 


] | | 
Banana diet | 


«126 Days 


? 


| 
bx 21 Days 


i | 
Days 10 20 30 40 


Cuart 1. Guinea Pigs H and Kk received only ripe bananas, the aver- 
age daily consumption being slightly over 50 and 65 gm. respectively. 
Both guinea pigs lost weight rapidly and died in 21 and 26 days respec- 
tively. No scorbutic symptoms were present at any time. 


were obtained with Guinea Pig H whose average daily food con- 
sumption was somewhat less. The rapid decline in weight with 
no accompanying symptoms of scurvy was also shown in experi- 
ments ( Chart 3) in which after a period of marked loss in weight 
the banana diet was supplemented by the addition of oatmeal. 
These results are similar to those reported by Sugiura and Bene- 
dict in experiments on white rats, although in the latter the 
decline in weight was less marked than in the present series. 
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Lack of the antiscorbutic factor can hardly be included in the 


list of the deficiencies of the banana as a foodstuff, since despite 
the marked malnutrition, as evidenced not only by failure of 


90 Days 
90 Days 


x 38 Days 


40 60 80 


Days 


Crart 2. Guinea Pigs A and B received rolled oats ad libitum for 1S 
and 19 days respectively. At this point tenderness of the joints was evi- 
dent and loss of weight was marked. Banana (35 gm.) added to the diet 
relieved the scorbutic symptoms and permitted slow growth. The ani- 
mals were killed after 90 days. No signs of scurvy were observed on au- 
topsy. Guinea Pigs E and F received rolled oats ad libitum and 35 and 25 
gm. of banana respectively. “No scorbutie symptoms developed. The 
oat intake of Guinea Pig F gradually diminished and the animal died after 
58 days. Guinea Pig E was killed at the end of 98 days. Autopsy find- 


ings were normal in both cases. 


growth, but even of maintenance on this diet, no scorbutic symp- 
toms were observed. 

Banana and Rolled Oats.—The early experiments of Holst and 
Frélich (9) and later investigations from other iaboratories (3, 4, 
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10, and 11) have shown that guinea pigs on an exclusive cereal diet 
usually die in from 20 to 30 days with scorbutic symptoms. In 
Chart 2and Table I are presented typical protocols of experiments 
in which banana supplemented the oatmeal diet. In the earlier 
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Cuartr 3. Guinea Pig I received an exclusive banana diet up to the 
20th day; 10 gm. of oatmeal were then added until the 93rd day, after 
which the oatmeal-casein cake was fed in place of the oatmeal. The ani- 
mal was free from clinical symptoms of scorbutus throughout the period 
of the experiment. Guinea Pig N received rolled oats only for 24 days. 
Soreness and slight enlargement of the joints developed about the 18th 
day. 30 gm. of banana as a supplement to the diet relieved the scorbutic 
symptoms although satisfactory growth was not made. When the oat- 
meal-casein cake was substituted for the rolled oats, rapid growth ensued. 


part of the experiments bran was also added to the diet, but 
since the animals chose the rolled oats and left the bran uncon- 
sumed its use was discontinued. Provided the daily intake of 
banana could be maintained at 25 gm. or more, no scorbutic 
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Guinea pig No. 


Duration 


PABLE I. 


Weight 


| Initial. 
Final 


| 


| Maximum 


days| gm gm. gm. 


| 90.540 615 608 


| 90 467,604 592 


26 687 693/483 
| 


34/320 /331 238 


| 


| | | | 
| 98'295/358' 317 


ak 


58'290/299 213 


44 329/329 255 


| 21/347 364/247 


| 


| 26 438 438 326 


124.579, 641/641 


73 754 754 416 


Oatmeal to 18th day; 
oatmeal and 35 gm. 
banana thereafter. 


Oatmeal to 19th day; 
oatmeal and 35 gm. 
banana thereafter. 


Oatmeal. 


Oatmeal and 10 to 15 
gm. banana daily; 


banana 


small amounts only 


after 24th day. 
Oatmeal and 35 gm. 
banana. 


Oatmeal and 25 gm. 
banana; 
intake of oats toward 
end of experiment. 

Oat meal and 20 gm. ba- 


diminished 


nana, 


Banana about 50 gm. 
daily. 

Banana about 65 gm. 
daily. 

Banana alone to 20th 
day; oatmeal and ba- 

93rd 
oatmeal-casein 
thereafter. 

Banana alone to 20th 


day; 
cake 


nana to 


day; oatmeal and 
banana to end of ex- 
periment: little ba- 
last 2 


weeks of experiment. 


nana eaten 


96 


eaten in | 


Marked loss in weight 12th to 
18th day; slight gain to 60th 
day; no gain thereafter. 
Killed. No scurvy. 

Marked decline in weight 14th 
to 20th day; gradual gain 
to 56th day. Killed. No 
scurvy. 

Marked loss in weight after 
18th Died. Scurvy. 

Marked loss in weight after 
20th Died. 
scurvy. 


day. 


day. Severe 


fluctuations in 
little food 
day. Killed. 


No growth; 
weight. Ate 
after 90th 
No seurvy. 

Progressive loss in weight with 
diminished food _ intake. 
Died. Inanition. No 
scurvy. 

Prolapse of rectum. Killed. 
Marked impaction of cecum. 
Mild seurvy. 

Died. 


Inanition. Noscurvy. 


Marked loss in weight on ba- 
nana diet; maintenance on 
banana-oat diet; vigorous 
growth on banana and oat 
cake. 

Died. 


cecum. 


Marked impaction of 
Severe scurvy. 





rABLE I—Continued 


Weight. 


uration 


1 


Suinea pig No 


days gm.|gm. gm 

N (106599643505 Oatmeal to 24th day; | Loss in weight on oat diet; 
oatmeal and 30 gm. slight soreness of joints on 
banana to 75th day; I8th day; maintenance 
oat cake and 30 gm. and slight growth on oat- 
banana thereafter. banana diet; good growth 
on banana and oat cake 

Killed. No scurvy. 

86235 431/423 Oatmeal and 25 gm. ba- | Maintenance and slow growth 
nana to 380th day; on oat-banana diet; better 
oat cake and 20 to 25 growth on oat cake and ba- 
gm. banana there- nana. IWilled. No seurvy. 
after. 

18 308 308 IS7 Oatmeal to 12th day; | Died. Marked clinical and 
oatmeal and 25 gm. postmortem symptoms ol 
banana to 30th day; scurvy. 
oat eake thereafter. 

323 Oatmeal to ISth day; | Died. Severe scurvy. 
oatmeal and banana 
to 30th dav; oat cake 
and banana to 36th 
day: oat eake alone 
thereafter. 

S6:272 491 491, Oatmeal to ISth day: Rapid gain in weight after ad- 
oatmeal and banana dition of oat cake and ba- 
to 29th; oat cake and nana No seurv) 

15 gm. banana there- 
aiter. 

86276477 477, Oatmeal to 20th dav: | Loss in weight on oats alone; 
oatmeal and banana slight gain on banana-oat 
to 28th day; oat cake diet; rapid gain on oat cake 
and 25 gm. banana and banana. 


thereafter 


Oat cake Rapid decline in weight afte: 

i6th day Died. Seurvy. 

23/517/544'315 “ : Marked loss in weight after 
4th = day. Died Mild 


SCUTVY. 
81230 500495 Oat cake and Steady growth In excellent 


banana condition at end of experi- 


ment 
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TABLE I—Concluded. 


| Weight. 


™” 


Notes, 


| Duration. 


Guinea pig No. 
| Initial. 


eapel gm. 
$3 2: 38/335 332) Oat cake to 23rd day; | Decline from 13th to 23rd day; 
oat cake and slightly | increase to 39th day, de- 
less than 10 gm. ba- | cline to 49th day; steady 
| nana thereafter; in| gain thereafter. Soreness 
| | last 10 days banana | of joints from 30th to 67th 
| intakeslightlyabove | day. In excellent condi- 
-” 
a. 
| 


_— 
—_— 





| 
| 
| 
| 


10 gm. tion at end of experiment. 
sla33l 133 Oat cake and 15 gm. | Fair growth, no scurvy. 





| | banana. 


2)338) 176 476 Oat cake and 15 gm. | Fair growth; marked increase 
banana. | in weight during last 12 
days. No scurvy. 

Oat cake and 20 gm. | General but somewhat irreg- 
banana. ular growth to 42nd day. 
Regular growth thereafter. 

3.594594) Oat cake and 20 gm. | Fair growth. No scurvy. 

j banana. 


symptoms were observed. Ingestion of quantities of banana less 
than this failed to give satisfactory protection against scurvy 
(Table I, Guinea Pigs D, G). Adult animals (Chart 2, Guinea 
Pigs A, B) maintained their weight or grew slowly, while younger 
animals (Chart 2, Guinea Pigs E, F) were barely able to maintain 
themselves, and in some cases showed marked decline in body 
weight, but no scorbutic symptoms, either clinical or postmortem. 
These results would seem to indicate that the banana is greatly 
inferior to most other fruits and vegetables as an antiscorbutie. 
Inasmuch as the oat has been shown (3) to be deficient in the 
protein, inorganic salt, and fat-soluble A factors, and as the 
banana is also deficient in at least one of these same factors, it 
was felt that although the experiments had demonstrated a defi- 
nite antiscorbutic value of the banana, the results could hardly 
be judged on the quantitative basis in view of the above men- 
tioned deficiencies of the diet. A greater amount of the anti- 
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scorbutie principle may be requisite when the diet is not other- 
wise adequate to provide for normal growth and maintenance. 


+ 


x 24 Days , Scurvy. 


20 40 60 80 100 
Days 


Cart 4. Guinea Pigs Y and Z were maintained on the oatmeal-casein 
cake without the addition of banana, and developed scurvy which resulted 
in death. Guinea Pigs 10 and 13 received the same diet with a supple- 
ment of 10 and 15 gm. of banana daily. The animals were in excellent 
condition throughout the course of the experiment. 


Banana and Oatmeal-Casein Diet.—For the purpose of render- 
ing the basal diet more nearly adequate for normal growth, the 
following ration was prepared. 
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\utoclaved rolled oats ; b soed ’ ; .... 500 gm. 
Wheat bran ; : 100 * 
Purified casein , iG * 
Raw milk 200 ce. 
Calcium lactate 15 gm. 
Sodium chloride 3“ 
Distilled water 100 ce 


The oats were heated in an autoclave for 30 minutes at 120°, 
The dry ingredients were thoroughly mixed, the liquids added, 
the pasty mass was spread out in thin sheets, and dried at 75—80°. 
The resulting cake was relished by the animals so that little 
difficulty was experienced in securing a daily intake of 20 gm. 

(juinea pigs maintained on this oatmeal cake developed scurvy 
as rapidly as on an exclusive oatmeal diet (Chart 4, also Guinea 
Pigs T, U, Table I). When this cake was supplemented by 
banana, not only was scurvy prevented, but rapid growth in 
young animals also occurred, growth which was in striking contrast 
to the results observed when banana supplemented an exclusive 
oat diet. This contrast is clearly shown in Chart 3. With this 
more complete diet protection against scurvy and normal growth 
were obtained with 10 to 15 gm. of banana. Thus Guinea Pig 
10 (Chart 4) on a diet of 20 gm. of oat cake and 10 gm. of banana 
daily gained 265 gm. in 81 days, increasing in weight from 230 to 
195 ¢m. Similar results were obtained with the other animals of 
this group (Guinea Pigs 10 to 16, Table I). It is evident that 
when supplementing a diet otherwise adequate, the banana has 
considerable value as an antiscorbutic, although its potency in 
this respect is not so great as that of the orange or potato. 


SUMMARY. 


|. Guinea pigs fed on an exclusive diet of bananas are unable 
to maintain their body weight and die in 20 to 30 days. Autopsy 
reveals a condition of marked inanition, but no lesions character- 
istic of scurvy. 

2. Bananas in amounts greater than 25 gm. daily as a supple- 
ment to a diet of rolled oats prevent the onset of scurvy. Such 
a diet, however, does not permit normal growth in young animals. 
Less than 25 gm. of banana as a supplement to the oat diet does 
not protect against scurvy. 








iretie 0eyt 








am Hn 


ES 


H. B. Lewis 101 


3. Seurvy can be readily produced experimentally on a diet of 
autoclaved rolled oats supplemented by bran, milk, casein, and 
inorganic salts. When such a diet is further supplemented by 
banana, 10 to 15 gm. will serve to protect against scurvy. Such 
a diet not only affords protection against scurvy but results in 
rapid growth of young guinea pigs. 

1. These experiments suggest that a lower content of the anti- 
scorbutic principle may be sufficient to protect against scurvy 1 
the diet is adequate in its content of the other essential dietary 
constituents. 
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THE DETERMINATION OF CARBON MONOXIDE IN 
BLOOD. 


By DONALD D. VAN SLYKE anp HARALD A. SALVESEN. 
From the Hospital of The Rockefe ller Institute for Medical Research 


(Received for publication, September 15, 1919.) 


The determination of carbon monoxide in blood may be per- 
formed by gasometric, colorimetric, or spectrophotometric 
methods. 

Previous gasometric methods have been laborious and most of 
them required special apparatus (as those of Gréhant, de Saint 
Martin, Nicloux, and others). The method employed by Zuntz 
and Plesch (1) seems to be the easiest. They determine the 
‘arbon monoxide in 1 ec. of blood, using ferricyanide to set the 
gases free (CO and Oz) and burn the CO to COs, which is absorbed 
by KOH. They calculate the amount of CO by the difference 
in pressure as in Haldane and Barcroft’s method for blood gas 
analysis. According to the authors, the expulsion of the blood 
gases is finished after 1 hour. 

The colorimetric method of Haldane (2) is based upon the fact 
that dilute carmine solutions have nearly the same color as dilute 
solutions of carbon monoxide hemoglobin. If it is known how 
much carmine has to be added to normal blood in order to give it 
the same color as blood completely saturated with carbon monox- 
ide, and it is determined how much of the carmine must be added 
to normal blood to give it the color of the blood with the unknown 
content of CO, a simple calculation by proportion will give the 
degree of saturation with carbon monoxide. 

This method seems to be very accurate in Haldane’s hands, 
while others, like Krogh (3), and Zuntz and Plesch (1), have 
been unable to obtain good results with it. Plesch (4) has modi- 
fied it, using a hemoglobin solution saturated with carbon monox- 
ide instead of carmine for the titration 
103 
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Spectroscopic methods have been used by Hiifner and later by 
Hartridge (5). Krogh (6) has recently modified the method of 
the latter and used it for the determination of the oxvgen capac- 
ity of very small amounts of blood; his method is still rather 
rough, but he hopes to make it more accurate with finer 
instruments. 

An easy gasometric method seems still to be needed and we 
have worked out one which permits the determination of the 
earbon monoxide gasometrically in 2 cc. of blood in the course of 
10 to 15 minutes. We have employed this method for the deter- 
mination of the blood volume and for the study of the action of 


earbon monoxide on blood. 


The Method. 


The principle of our method is to set free the oxygen and car- 
bon monoxide from their combination with hemoglobin in the 
blood by addition of ferricyanide and then to remove both gases 
with the help of a Torricellian vacuum in the Van Slyke apparatus 
for blood gas analysis. The oxygen is absorbed in the apparatus 
by alkaline pyrogallate and the volume of residual carbon monox- 
ide is measured directly at atmospheric pressure, a correction 
being made for the small and constant amount of nitrogen gas 
physically dissolved by blood. 

The procedure is, up to the time when the expelled gas is meas- 
ured, exactly the same as that for the oxygen method described 
by Van Slyke (7), and it is therefore unnecessary to repeat it 
here; the same amount of blood and the same solutions are used, 
and only the shaking has to be continued a little longer before 
a constant reading is obtained. This takes about 2 to 3 min- 
utes and is a little different for different species of blood; it prob- 
ably depends upon the facility with which the blood is laked. 

When the reading of the volumevof the gas mixture, consisting 
of oxygen, carbon monoxide, and a little nitrogen, is constant, a 
solution of alkaline pyrogallate! is introduced into the cup of the 


apparatus, is covered by a thin layer of paraffin oil, and is allowed 
to flow slowly down the inner wall of the graduated part of the 


! Prepared by dissolving 10 gm. of pyrogallic acid in 200 ce. of strong 
potassium hydroxide (160 gm. of KOH dissolved in 130 ce. of water). 
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apparatus. <A little suction is produced during this part of the 
procedure by lowering the leveling bulb slightly. 

The absorption of the oxvgen is very rapid and is completed in 
less than 1 minute; the reading is taken and the pyrogallate solu- 
tion introduced once more until a constant reading is obtained. 
The gas is then measured under barometric pressure in the same 
way as described by Van Slyke for carbon dioxide (8) and 
oxvgen, 

As the solution is very dark and it is a little difficult to get 
good readings of the meniscus, we have produced a new meniscus 
by letting a little water flow down after the pyrogallate solution; 
the water floats on the top of the fluid and one can get readings to 
about 0.002 cc. Instead of water a few drops of octyl alcohol 
may be used. 

The apparatus is washed out twice with dilute ammonia solu- 
tion after each determination. 

Calculation._-The gas measured is reduced to standard condi- 
Barometer 

760 
t being the temperature in °C. If 2 ec. of blood have been used, 


tions by multiplying by the factor (0.999-0.0046 0) 


the values of this factor in Column 3 of Table I of VanSlyke’s 
paper on oxygen? may be used, the result then being expressed 
in ee. of CO per 100 ec. of blood, when the nitrogen correction, 


1.2 ee., is subtracted.’ 
EXPERIMENTAL, 


\ir was analyzed in the Van Slyke apparatus in order to find 
the best way of absorbing the oxygen. When the pyrogallate 
solution was introduced 4n the manner described above. the 
oxygen was absorbed in 30 seconds. 

The method was tried in the following way. As the oxygen 
and the carbon monoxide replace each other in the combination 
with hemoglobin and the oxygen capacity equals the carbon 
monoxide capacity, blood with known percentages of carbon 


monoxide may be obtained by mixing different amounts of blood 


?Van Slyke, D. D., J. Biol. Chem., 1918, xxxiii, 130 
> The nitrogen correction is 1.2 per cent, instead of the calculated valur 
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0.9 per cent, when actually determined by johr and 
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saturated with carbon monoxide with blood saturated with air. 
By taking, for instance, one part of CO blood and four parts of 
OQ. blood, the analysis should give 20 per cent CO and 80 per 
cent O5c. 

Table I shows the amounts of oxygen and carbon monoxide 
found by analysis and the amount calculated. 


TABLE I 
Found. Calculated 
No, | Blood eaat Ave on Kind of 
used iets si hemo- | qv, ino “Sata blood 
5 globin als globin 
saturated saturated 
with Cv) with CO 
cc ; per cent ce ce. per cent 
I 2 | 0.212 | 0.206 | 50.7 | 0.209 | 0.209 | 50.0 | Guinea pig. 
2 2 | 0.208 | 0.210 | 49.8 | 0.209 | 0.209 | 50.0 | Same blood. 
3 2 | 0.118 | 0.240 | 32.9 | 0.117 | 0.238 | 33.3 | Rabbit. 
4 | 2 | 0.170 | 0.328 | 34.1 | 0.116 | 0.332 | 33.3 | Ox. 
5 2 | 0.088 | 0.250 | 26.0 | 0.084 | 0.252 | 25.0 | Rabbit. 
6 0.128 | 0.390 | 24.5 | 0.129 | 0.388 | 25.0) Ox. 
7 2 | 0.068 | 0.240 | 22.1 | 0.062 | 0.246 | 20.0 | Rabbit. 
8 2 | 0.054 | 0.224 | 19.43 | 0.046 | 0.231 | 16.7 va 
9 1 | 0.091 | 0.434 | 17.3. | 0.088 | 0.437 | 16.7 | Same blood. 


It is seen from Table I how closely the found values agree 
with those calculated, except in No. 8, where the discrepancy is 
2.7 volumes per cent. By taking 4 ec. of the same blood instead 
of 2 ce., this error is brought down to 0.6 volume per cent. We 
therefore recommend the use of a little more blood, 3 or 4 ce. 
(and the correspondingly increased amount of ammonia), for 
analysis, if the percentage saturation of CO is very small and 
the actual amount of CO found in 2 ec. of blood is 0.05 ee. or less. 

In two rather rough experiments, two guinea pigs were given 
illuminating gas under a bell jar- until they fell unconscious. 
They were then taken out and blood was drawn by heart punc- 
ture for analysis. One of them died while the blood was being 
taken; the other recovered and behaved normally an hour after- 
wards, 

Table II shows that a guinea pig can recover after carbon 
monoxide poisoning, even when the blood is 76.3 per cent satu- 
rated with carbon monoxide. 
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TABLE II 


Satura- 
Oz CO tion with Remarks 
CO 
cc. ce per cent 
Guinea Pig 1 0.115 0.353 75.4 | Died during bleeding. 
ios “ ‘ 


2 .e.ee--| 0.080) 0.258 76.3 Recovered. 


SUMMARY. 


A method is described for the determination of carbon monox- 
ide in blood, the technique of which is exactly the same as that 
previously described by Van Slyke for the determination of 
oxygen, except that after the gases are extracted the oxygen is 
absorbed in the apparatus by introducing alkaline pyrogallate 
solution. The carbon monoxide remains and is measured directly 
at atmospheric pressure. 
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There is still much confusion regarding the exact value of the 
blood volume in human beings, though much work has been 
done in this field of investigation. Values for the blood volume 
; 1 
for men are given, ranging from 2] toe of the body weight. 
These widely differing results have been obtained by the use of 
different methods. 

There are one direct and several indirect methods for the deter 
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mination of the blood volume. 


Direct method.—Welcker (1) in 1854 was the first one to determine the 
blood volume by a method which still is regarded as the standard; he bled 
animals to death, washed out the vessels with water, and extracted the 
hemoglobin still remaining in the tissues by mincing the organs minus the 
bile and the content of the bowels, and placing them in water for several 
days. By comparing the hemoglobin content of the first blood and the 
blood washings and extracts brought together, he found the blood vol- 


umes of mammals to constitute iB of the body weight. The same value 
»o 

was obtained for human beings by Bischoff (2), who used this method on 

two criminals. 

Welcker’s method has been modified and improved by several investi- 
gators, but the general principle is the same as in 1854. The results eb- 
tained in animals with this method have differed because of incomplete 
washing and extraction, and the use of inexact methods for the hemoglobin 
determinations. 












Indirect methods.—These methods must be used in experiments on living 
animals. There are various principles for the indirect determination of 
the blood volume. The best of them may be divided into two groups: 
1) A known amount of an easily determinable substance, which is kept 
within the circulatory system for a sufficiently long time for thorough 
mixing, is introduced into the blood and the concentration of it deter- 
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mined. (2) The blood is either (a) diluted, or (b) concentrated in various 
ways, and the blood volume calculated from the variation in the content 
of hemoglobin or corpuscles. 

Group 1. (a) Carbon Monoxide Method.—The principle of this method 
is to administer a certain amount of carbon monoxide gas to the individ- 
ual, and then to determine the degree of saturation of the blood with CO 
or the actual amount of CO per unit of blood. It was first used by Gréhant 
and Quinquaud (3), and later by Haldane and Smith (4), Oerum (5), Doug- 
las (6), Boycott and Douglas (7), and Plesch (8). (b) The dye method of 
Keith, Rowntree, and Geraghty (9) is the method most widely used for 
the present in clinical work. A dyestuff, vital red, is injected intraven- 
ously and determined colorimetrically in the blood. The relative amounts 
of plasma and corpuscles are determined by the hematocrit method. — (« 
The antitoxin method of von Behring (10) is based upon the observation that 
tetanus antitoxin remains in the circulation for a long period; a known 
amount is injected, and the concentration then determined in the blood 
(d) The acacia method of Meek and Gasser (11) has been tried only in ani- 
mals so far, and the experience is not large enough to judge of its utility. 
Acacia is injected and determined in the blood as furfurolphloroglucine. 

Group 2. (a) Dilution Methods.—The only one of these methods which 
has withstood criticism is based upon the observation of Cohnstein and 
Zuntz (12) that isotonic sodium chloride solutions are kept in the circula- 
tion for a relatively long time, and diffuse very slowly out into the tissues; 
this is utilized for the determination of the blood volume, the red cells 
being counted before and after infusion. Plesch (8) seems to have devel- 
oped this method to further exactness by determining the hemoglobin 
instead of the cells with the help of his chromophotometer. As the varia- 
tions in the cell or hemoglobin content obtained by dilution hardly exceed 
10 per cent, the exactness of the method evidently depends on how accu- 
rately these constituents of the blood can be determined. 

(b) Concentration Methods.—The method of Tarchanoff (13), who deter- 
mined the hemoglobin before and after a steam bath and the decrease in 
weight through loss of water, and calculated the blood volume from these 
two factors, has been justly eriticized and cannot be relied upon, as the 
water may be derived from other sources in the body than the blood. 

Quincke (14) transfused blood with a certain amount of red corpuscles 
to two anemic patients and calculated the blood volume from the increase 
in the red count. Lindeman (15) uses the same principle. These meth- 
ods can only be used in anemia. 

Of these methods only three are ofpractical value for physiological and 
clinical purposes; they are the carbon monoxide method, the infusion 
method of Cohnstein and Zuntz, and the vital red method. 

The results obtained by these methods vary. In animals, both the car- 
bon monoxide method and the infusion method have given nearly the 


same values as the Welcker method; Gréhant and Quinquaud (3) found in 


nine dogs values from 1 to 13.8 of the body weight with the CO method, 
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which correspond to Welcker’s own results in dogs. Douglas (6) found a 
close agreement between the CO method and the bleeding method in five 
rabbits; Boycott and Douglas (7), repeating the experiments later, found 
a little higher value with the CO method (2 per cent). Plesch (8), in dogs, 
tried subsequently the CO, the infusion, and the bleeding method, and the 
results were uniform. The vital red method has never been checked up by 
the Welcker method as far as can be seen from the literature. 

In human beings the results are widely different. Bischoff’s values, 
13 of the body weight, were regarded as the standard until Haldane and 
Smith (4), with the CO method and earmine titration, in fourteen normal 


I i 
men found OL the highest value being 6 and the lowest in a very fat 


16 30 
ss ; I ‘ 
man). Oerum (5), using the same technique, found in men 19.2” and in : 
women oF: Plesch (8), using a gasometric method for the CO deter- 


mination in four men, found the average ratio @) 
Dee 


also in five persons, 

some of whom were reported to be fat, he determined the blood volume 
] 

with the infusion method and found iL Bischoff’s results, therefore, 


seem to be too high, inasmuch as the two criminals were hardly normal 
individuals, one at least suffering from scurvy. The method used is also 
open to criticism. 

Douglas (16), in 1910, made a series of determinations with the CO 
method on himself and another subject with Haldane’s technique, but 
waited a longer time before he took the blood sample for analysis. These 


] ] 
results show a mean value of 13.9 for his own and 12 - for the other sub- 
oO. 


ject, values more in accordance with those of Bischoff. He found errors 
in Haldane and Smith’s determinations due to incomplete mixing of the 
blood, as the blood sample was taken too early after the breathing of the 
carbon monoxide. 

In 1915 Keith, Rowntree, and Geraghty (9), with their vital red method, 

] 

found still higher values, the mean in normal men being il Q of the weight. 
This method has never been controlled by the Welcker method as far as 
can be seen, but the authors show its reliability toward relative changes 


by drawing a certain amount of blood and finding a corresponding drop 
in the blood volume. 


It may be seen from this review of the literature how uncertain 
is our knowledge of the blood volume in human beings. Since 
the carbon monoxide method in animals has given satisfactory 
results as compared with the standard method of Welcker, and 
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in human beings the results obtained by the various investigators 
have differed widely, it seems worth while to make further inves- 
tigations in this field, especially since the technique used before 
has been rather difficult. 

It seems certain, according to Douglas, that Haldane and 
Smith’s figures are too small, and so must be the figures of Oerum, 
as he used the same technique. There remain, therefore, only 
the determinations of Plesch in four persons, giving the average 


of 17 g nd those of Douglas, on himself and another man, giving 
[ ee 
the values of 13.9 and ,,= of the body weight. 
ede. aot 


The carbon monoxide method has been eriticized by Dreyer 
(17) and his coworkers, who, in rabbits, used Haldane and Smith’s 
technique, and got so much divergence in the figures that they 
concluded it could not be used in its present form. They there- 
fore determined the blood volume by injecting in rabbits’ blood 
a known amount of agglutinin, determined the percentage in the 
serum, then washed out the circulation, and determined the per- 
centage of agglutinin in the washing. They claim the blood 
volume to be a function of the surface area, so that, for instance, 
smaller rabbits have a relatively higher blood volume than the 
larger ones. 

The adverse criticism of the carbon monoxide method may be 
due to the difficulty of the technique, as the carmine titration of 
Haldane requires long training and a highly developed color 
sense. All the carbon monoxide determinations in the present 
paper are performed with the help of the gasometriec method, 
described in the preceding paper, which makes the whole tech- 
nique much simpler and fitted for general use. 


Bood Volume Determinations in Animals. 


The results of numerous determinations of Boycott and Doug- 

| l 
as ej ~ r § Pe j @? > S j AS ‘ys f 
las (7) show that rabbits’ blood constitutes from 29 to 31 
the body weight, as determined both with the carbon monoxide 
and the washing out method. The average of 52 rabbits with 


, | lead ' 
the washing out method was 99.97 OF 1.77 ec. of blood per 100 
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gm. of body weight, while the carbon monoxide method (with 


the carmine titration) gave a little higher result, 1g] OF 5-5 ce. 
per 100 gm. 


Methods. 


The arrangement used was that described by Douglas (6). 
It is therefore unnecessary to repeat it here. 

The principle is to let the rabbit breathe into a closed system 
which is supplied with arrangements for removing the carbonic 
acid and renewing the oxygen. A measured amount of carbon 
monoxide is introduced into the apparatus, and 10 minutes after 
the entire amount is given a sample of blood is drawn from the 
ear vein and analyzed for carbon monoxide. At the same time a 
sample of the air in the chamber is taken for determination of the 
Oo, CO, and CO. The blood volume is calculated from the 
amount of carbon monoxide absorbed by the animal and the 
concentration of it in the blood. As in Douglas’ experiments, a 
tube connected with a bell jar, partly immersed in a glass of water, 
was introduced into the respiratory chamber, and served as an 
indicator of the pressure in the apparatus. While the air sample 
was drawn, the oxygen current was cut off and the water allowed 
to rise in the bell jar by raising the glass in order to compensate 
for the negative pressure produced by the sucking out of the air. 

The capacity of the apparatus (the chamber and the air in the 
rubber tubing, the pump, and the bell jar) was 750 cc., a little 
larger than that of the apparatus employed by Douglas (6), and 
Boycott and Douglas (7). 

The carbon monoxide was prepared by heating oxalic acid and 
concentrated sulfuric acid, and the gas was collected over water 
made alkaline with sodium hydroxide, with which the gas was 
shaken in order to get rid of the CO... The gas was analyzed 
every 2nd day by shaking it in a Hempel pipette with cuprous 
chloride solution, which absorbs the carbon monoxide and Oc, and 
from the amount of nitrogen left the air content of the gas was 
calculated. The gas first evolved was discarded. The carbon 
monoxide content of the rest was 95 to 98 per cent. 

The carbon monoxide in the blood was determined by the 
method described in the preceding paner, the blood, 4.5 ee. in 
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all, being drawn from the ear vein without stasis and kept under 
paraffin oil; 2 ce. were used for each analysis. The hemoglobin 
was determined by the Palmer method (18). The air in the 
chamber was analyzed for Oo and CO. in the Haldane-Henderson 
Apparatus, 

The determination of the carbon monoxide left in the 
chamber could not be made by gasometric methods, and the 
method of Haldane (19) was emploved, the principle of which ts 
to shake the carbon monoxide-containing air with blood, to 
estimate colorimetrically the percentage of saturation of the 
blood with earbon monoxide, and deduce from this value, and the 
pereentage of Os present, the percentage of carbon monoxide in 
the aur. As bloods of different species and also of different indi- 
viduals show dilferent dissociation curves for the carbon monox- 
ide hemoglobin, as shown by Krogh (20) and Haldane (21), 
blood from a single sheep was used, in which the dissociation 
curve was previously determined (preceding paper). The disso- 
ciation curve is a hyperbola of the formula 


O» percentage in air Hb CO 


CO percentage in air HboO 


In the blood used A 179 at 24°. 

For the determination of the dissociation curve of the blood of 
our sheep, 5 ee. samples of the blood were rotated in bottles of 
known capacity (approximately 1 liter), filled with air plus known 
amounts of carbon monoxide. The blood was first placed in the 
bottle, which was then closed by a stopper containing a three-way 
capillary cock. A known volume (1 to 4 ce.) of analyzed CO 
gas was then forced in from a micro-gas-burette, in which the 
volume delivered could be read over mercury to within 0.002 ee. 
The tubes of the cock were filled with the CO before the measured 
amount was admitted into the bottle, so that errors due to dead 
space were avoided. The bottle with the blood and gas mixture 
was rotated for 2 hours at 24°C. Trial showed that equilibrium 
was obtained in this time. Samples of 2 ec. of blood were then 
withdrawn and used for the determination of Oo and CO as de- 
seribed in the foregoing paper. The volume of CO taken up by 
the 5 ee. of blood was subtracted from the volume of CO orig- 


inally added, in order to estimate the amount left in the gas 
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phase. The oxygen concentration remained that of atmospheric 
air. 

The results obtained in four determinations are shown in the 
curve of Fig. 1. The curve is the hyperbola plotted from the 
formula, with 179 taken as the value of A; the crosses represent 
the results experimentally obtained. 
per cent 

100 - 
90 
80 


60 


| | 
4 i 


idl i | ] j | ! i 
01 02 03 04 05 06 O7 O8 O9 10 11 
Per cent of CO in air 


Kia. 1. The curve is the hyperbola plotted from the formula, with 179 


taken as the value of A; the crosses represent the results experimentally 


obtained 


The value of A being known, small percentages of CO in air 
could be ascertained by shaking the latter with a known volume 
of the blood and determining the Hb Oo and Hb CO, the caleula- 

. san 219 HbCOo 

tion being per cent CO tn air 179 ~*~ Hho. ° In calculating 
the actual percentage of CO in the gas-sampling tube allowance 
was made for the amount of CO taken up by the blood with 


which the air was shaken. The colorimetric determination was 
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made by the method employed by Plesch (8), which is very simple 
and which gave fairly good results when used on blood with 
known percentages of CO. The principle is: Three samples of 
the same blood are saturated; No. 1 with air, No. 2 with CO, 
and No. 3 with the air containing the unknown percentage of CO. 
0.05 ec. of each sample is diluted with 10 ce. of a 1 per cent solu- 
tion of NasCQOs; in each of three small test-tubes of equal bore. 
No. 2 is added to No. 1 until the color is the same as in No. 3. 
If, for instance, equal color is obtained by adding 2.5 ec. of No. 2 














2.5 
to 5 ce. of No. 1, then the degree of saturation is =; = 33.3 


ord 
per cent. 
Results. 


In fourteen rabbits taken from the stock the blood volume 
was determined. In two of the female rabbits the values obtained 
were much higher than the average, and they later proved to be 
pregnant. They were placed in a separate group and the blood 
volume determined again, post partum. In some of the other 
rabbits the blood volume also was determined twice. The 
results are given in Tables I to V. 














TABLE 1, 
Normal Male Rabbits. 















Relation es 
Rabbit Date Weight Hemoglobin a to Ce dane 100 
o ofume. body weight — 
1919 gm. per cent 
fe o l a 
77 July 3 1,500 (7)}* 79.4 071 5.20 
19. 


900 7)" 95.7 5.02 


93 a I 


19.9 


SY ™ 10 


_ 


600 93.4 80.9 





' f 

SO - 2,250 94.3 107.1 1.76 
| 2 

99 “ 14 | 3,010 86.2- 146.9 = . 4.88 
~ 0 

— ‘ l — 

82 “ 14 | 2,200 87.7 115.4 5.25 
19.06 

1 — 

98 “ 15 | 2,200 93.4 111.1 5.05 
19.8 


* Determinations lost because of an incorrect hemoglobin standard. 
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TABLE II, 
Normal Female Rabbits. 





> ale 

Blood Relation 
to 

body weight 


Rabbit 
i ) 


. Weight. Hemoglobin 


volume 


gm. per cent 
2,300 


1,250 
1,960 5. 100.6 


2,630 76.5 129.2 — 
20.3 
l 


18.2 


11 2,320 


* Determination lost because of an incorrect standard 


TABLE III. 


Re pe ated Dete rminations 
Vale Rabbits. 


otal oxv- 

Hemo otal oxy Blood 
gen 
eapacity 


—" Date. Weight. 


globin volume 


gm. per cent 


July 8) 1,900 ft hi 


| 


21 1,940 59.3 


1,500 


1,540 


2,250 


2,270 


3,010 ».2 146.‘ 
3,070 7 22.3: 162 


* Determination lost because of an incorrect standard 
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rABLE IV, 


Re pe ated Determinations. 
Fy mal Rabhits. 


Potal oxy . 
Date Weight. H “s a zen " - 
globin, " 


im 100 gm 
capacity 


“total oxvge! 
NH with whiel 
| lood volun ( 


hemoglobin stan 
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DISCUSSION. 


lhe results are expressed in parts of the crude body weight, 
though this may vary for various causes, such as food intake, 
content of bowels, etc. The average value for the blood volume 
in seven male rabbits (eleven determinations, Tables I and III 
IS oy 94 ot the body weight. or 1.95 ce. per 100 em. Che ave rage 
in live hon-pregnan female rabbits seven determinations 
r ‘ | ° ~ 
fables IT and ITV) is of the weight, or 5.02 ec. per LOO gm. 

10.9 


If the two determinations from Table V in rabbits post partum 


are added, the mean for all seven females is the san Ol 
5.0 ce. per LOO gm. The results are in accordance with those ob- 


tained by Boycott (7) and coworkers with the washing out method. 


t 


The repeated determinations in Tables IIT and IV show a fairly 


” are, —T es _ 
close agreement in some of the rabbits. while in Rabbits 09 and 76 
} ’ : , re | ah] | re? Ieaa¢ thy rt ] ‘ ; 
there is a consid a C adherence, but the total oOXvgeeh Capacity 
| , 1 ! 
Is near constant in these two rabbits I byhoit aby tee mee. =O] 
In weight tro 1,250 to 1,350 em ind to get com) i lues 
the oxvgen eal il ] the first det ! nation | 1) tI- 
L5o0 
1 , 
plies ahi * LOS | 1} ory the lf 0 4 4 
1 250 
1 . ) } t i { ; 
\ Ch Vi Vv ClO » Lire ViLtille hou ( Sie j SOU { 
1] , rn th , { . 
Salil I ( Ol) Is ( ! tf pregnan YO. &4. 0 
1] i I 
abl \ ( mitior | } rear " ra 
1S.d 
2 4] | Ls ! ; 
15.3 0 I Welg! Whieh 1 hil | rease i rie 
>?) , 
+ | 1) ] ° ] re 4l ’ 
Oxvves } anpaeityv ol i? total blood SUD} vy ot the ar " } 1 ed 
7] ’ 7] J 1 ee 
constant, the blood merely having become diluted in the interval 
: . . , F 
hpetween rat terminations About aweek alter partus the blood 


volume was again normal. 


"1 1 } ri 1} 
Phe blood volume o the rabbit. therefore. seems to be a 'o 
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the blood volume and constancy of the total oxygen capacity 
were so marked that they cannot be due to exper mental error, 
show the smallest volume the first time, when they were unex- 
perienced and scared when put into the apparatus, and a larger 
volume the second time, when they were used to the procedure. 
The material is too small, however, to draw any conclusion on 
this point, but Douglas has observed the same phenomenon of 
changes in the volume and constancy of oxygen capacity. 

Table V shows the well known fact that pregnant animals have 
a larger blood volume absolutely and relatively than non-preg- 
nant. A week post partum the blood volume is restored to the 


normal value. 


Blood Volume Determinations in Human Beings. 


The arrangement of apparatus was nearly the same as that de- 
scribed by Haldane and Smith (4), except that an ordinary Wolff 
bottle, filled with sticks of potassium hydroxide,! was used for the 
ab-orption of the carbonic acid, as seen in Fig. 2, and the experi- 
ments lasted longer, the subjects breathing for 10 to 15 minutes 
after the entire amount of carbon monoxide was given. The 
oxygen was supplied from a cylinder as rapidly as was necessary 
in order to keep the amount of gas in the bag approximately 
constant. The estimation of the relative volume of air in the 
bag was facilitated by placing the bag horizontally with a scale 
behind it as an indicator of the degree of filling 

The apparatus was filled with carbon monoxide to the three- 
way stop-cock before the experiment was started. The volume 
of the connecting parts and the bag, filled with air to the mark, 
was 3.700 cc. For the ealeulation of the amount of carbon 
monoxide left the volume of the lungs must be added; this is 
about 3,000 ec., and the total volume of the air in which the carbon 
monoxide was distributed thus was 6,700 ec. 


; l . 
The blood, being assumed to constitute not less than of the 


19 


body weight, the amount of carbon monoxide given to the sub- 


' Potassium hvdroxide was used because of the high solubility of the 
potassium carbonate formed during the experiment; this carbonate was 


washed out by rinsing the sticks with water now and then. 
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ject was so calculated that the saturation of the blood with carbon 
monoxide would not exceed 20 to 25 per cent. For instance, 


with the body weight 70 kilos, hemoglobin 120 per cent, blood 
70 
volume at least 19 3.7 liters, and as 100 per cent hemoglobin 








Via. 2. A, rubber bag, B, volumetric measuring cylinder for carbon 
monoxide, C, three-way stop-cock, D, Wolff bottle for removing the car- 
bon dioxide, E, mouthpiece, F, tubing connected with the oxygen cylinder 


18.5 volumes per cent of O. capacity, the capacity in this case 
would be 22.2 ce. per 100 ec. of blood; per 3,700 ec. it accordingly 
would be 821.4 ce. One, therefore, could safely give 164 ec. of 
carbon monoxide reduced to standard conditions (760 mm. and 0° 
The blood sample was drawn without stasis from the arm vein 
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and kept under paraffin oil. The carbon monoxide was deter- 
mined by the method of Van Slyke and Salvesen,’? 3 ec. being 
used for each determination, as the carbon monoxide content 
of the blood is rather small in these experiments. 

The air in the bag was analyzed for oxygen, carbon dioxide, 
and carbon monoxide after each experiment, as in the animal 
experiments. In all except the last experiment the amount of 
earbon monoxide left was about 2 ce.: 1.47, 1.902, 2.53, 1.832, 
1.96; average 1.9388 ec. In the last experiment it was 4.42 ec., 
but in this case more oxygen was given than necessary, and the 
oxygen content of the bag was 33 per cent. This probably 
accounts for the slower absorption of the carbon monoxide, the 
dissociation curve of the earbon monoxide-hemoglobin§ being 
depressed when the oxygen percentage increases. If the experi- 
ments, therefore, are always performed in the same way, the 
amount of carbon monoxide left is constant, and if the appa- 
ratus has the same capacity as used in the present experiments, 
the correction which must be subtracted is 2 ee. The experi- 
ments done in this way are much simpler, the only determination 
which must be done being that of the carbon monoxide in the 
blood. 

Six healthy individuals were examined, ranging in age from 23 
to 37 years. The material was rather uniform as all were young 
people without any adipositas. The results are given in Table VI. 


i] 


phe average blood volume found was 3.888 c¢ce., constituting 


of the wetght. or 5.95 ee. per 100 gm. The extremes are 


and . The largest volumes were found in Nos. | and 6, 


both of whom are tall and slim, especially No. 6 who ts abnor- 
y thin, and weighs much less than would correspond with 
his height. In No. 1 two determinations were made and the 
difference found is only 7 ce. of bloed. 


The mean value, then, is a littl large! than that of Plesch, 





who found 
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All the persons experimented on felt comfortable, and did not 
have any disagreeable sensations. The breathing was easy, and 
even a certain degree of dyspnea is not likely to interfere with the 
use of this method in pathological cases. Former investigators 


rABLE VI. 


tlood Determinations in Human Beir ] 


Blood me é 
He oO ite 
. D \ Age. Weight. P g n ie 
: per 10 ‘Sy 
f 
" 
t ‘ 
7 
J Dr. H. 8S 0 GS.S8 > 114 1.594 6.6 
we 
1 
\ 1 688 114 1601 6.7 
14. 8. 
] 
” } ay \l 4 8 y 60 9 8 124.9 O4 5 68 
r 
} 1) i) 7Q 
io 
. - = i 
, lL) ~ j . 
>I Dr. J wa S Il ) 
| 
{ | \] { 7 
\\ tL. t 
R 
] } ] j ’ . 1 1 } 
have used the carbon monoxide method In neart kidney, and 
anemic cases without any difficulties. 
° 1 1 7 ’ be ’ 
It Is hoped that the hlood volume met iod With the easy tech- 
1 °7 } ° ° ] 
bon monoxide determination will t more 


nique for the car 
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SUMMARY. 


Determinations of the blood volume by the carbon monoxide 
method with the simple technique previously described for the 
blood analysis have been made in fourteen rabbits and six normal 
men. Eleven determinations in seven male rabbits show an 

l 
average blood volume of ”) 2] ol the body weight, or £.95 Cc. per 
100 gm. Nine determinations in five non-pregnant female rabbits 
+s 
19.99" 
In two pregnant rabbits the blood volume was largely increased, 


show an average of or 5.0 ec. per 100 gm. 


absolutely and relatively; about a week post partum it was 
restored to normal again. 

The blood volume of rabbits may change from time to time, 
but the total oxygen capacity remains constant. 

Seven determinations in six healthy men show an average of 


~. of the body weight, or 5.95 ce. per 100 gm. 
16.8 ; 


The author wishes to express his thanks to Dr. Donald D. 
Van Slyke on whose initiative this work was undertaken, and to 
Mr. Arthur H. Smith for his technical assistance during the 
experiments. 
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During the course of several hundred determinations of cata- 
lase in the blood of normal and pathological individuals accord- 
ing to the method employed by Burge,' the author observed a 
consistent variation of from 15 to 35 per cent in the volume of 
oxygen evolved, depending upon the hydrogen peroxide solution 
used. The hydrogen peroxide used in these determinations was 
prepared by diluting commercial 3 per cent hydrogen peroxide 
solution with an equal volume of distilled water. 


Vethod. 


0.2 ce. of the blood was placed in a small crucible which was 
introduced into a bottle containing 100 ce. of approximately 1.5 
per cent (4.6 volume per cent) hydrogen peroxide and a drop of 
eaprylic aleohol. The bottle, which was kept at 22°C. in a water 
bath, was shaken 120 double shakes per minute for 10 minutes 
and the oxygen evolved was conducted through rubber tubes 
into inverted burettes and measured. The volume of oxygen 
obtained varied between 275 and 425 ec. with different bloods. 

In a later paper Burge? states that he found it necessary to use 
the same make of hydrogen peroxide in all the determinations 
as the different makes gave different results. For his work he 


* Published with permission of the Chief of the Laboratory, Lt. T. E. 


Juckman 


surge, W. E., Am. J. Physiol., 1916, xh, 153 
? Burge, W. E., Kennedy, J., and Neill, A. J.. Am. J. Phystol., 1917, 
xliti, 434. 
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purchased 200 liters of hydrogen peroxide which was kept in a 
conta'ner in a dark, cool place. 

It has been found, in this laboratory, that different samples of 
the same make of hydrogen peroxide often gave results which 
differed by 15 to 35 per cent. Since all the samples contained the 
same preservative (acetanilide) in approximately the same 
amount (0.05 per cent), it was assumed that the discrepancies 
were due to the difference in the acidity of the various samples. 

A series of experiments was performed to test this assumption. 
A set of H2Q: solutions, 5.8 volumes per cent, containing varying 
amounts of HCl or NaOH was prepared. As alkaline solutions 
of hydrogen peroxide decompose on standing, the solutions for 
these experiments were freshly prepared. 

2 cc. of blood containing a slight trace of potassium oxalate 
were diluted to 200 cc. with distilled water. 5 ec. of this solu- 
tion, equivalent to 0.05 ec. of the blood, were placed in a small 
crucible and introduced into a bottle containing 20 cc. of hydro- 
gen peroxide solution and one drop of caprylic alcohol. The 
bottle, kept at 22°C. in a water bath, was shaken 120 double 
shakes per minute for 10 minutes. The oxygen evolved was 
conducted through rubber tubes into inverted burettes and the 
volumes measured at intervals of 4 minute. All gas volumes 
were calculated to standard conditions; 7.e., 0°C. and 760 mm. 
Hg. pressure. 

The results are given in Charts 1 and 2. 

A reference to the charts will show the effect of acid and alkali 
on the velocity of the reaction. The activity of the enzyme 
catalase was completely inhibited when the hydrogen ion con- 
centration was pH 1, and was slight in a concentration of pH 2. 
The velocity of the reaction increases as the acidity of the hydro- 
gen peroxide is decreased and is greatest when the solution is 
slightly alkaline. The activity of the enzyme was considerably 
retarded when the concentration of the NaOH was above pH 11. 

Falk, McGuire, and Blount*® point out that there is no well 
defined hydrogen ion concentration for maximum action with 
oxidase, peroxidase, and catalase. According to Sérensen,‘ the 

3 Falk, K. G., MeGuire, G., and Blount, E., J. Biol. Chem., 1919 
a XXXViii, 237. 


P. L., Biochem. Z., 1999, xxi, 288.° 
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optimum hydrogen ion concentration for catalase depends on 
the duration of the reaction. Thus he finds pH 6.73 the opti- 
mum for 320 minutes, and pH 7.1 for 40 minutes. With blood 
catalase under the experimental conditions stated above, I find 
the optimum to be about pH 7.5 for 10 minutes, about pH 8 for 
5 minutes, and about pH 10 for 2 minutes. 
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Cuart il. Curves showing the effect of the hydrogen ion copcentratior 
of the hydrogen peroxide on the velocity of the reaction between catalase 
and hydrogen peroxide 


As far as I am aware there is no satisfactory absolute method 
for the determination of catalase. Nearly all the méthods in 
use give relative results. Slight changes in temperature, impuri- 


ties in, and the reaction of the hydrogen peroxide influence the 
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reaction very materially. These experiments emphasize the 
caution which must be exercised in maintaining uniform condi- 
tions especially when a series of determinations is made over a 
long period of time. 
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Cuartr 2. Curve showing the effect of the hydrogen ion concentration 


of the hydrogen peroxide on the volume of oxygen evolved in 10 minutes. 


The author's thanks are due to Lieutenant T. I. Buekman and 
Lieutenant G. L. Foster of this laboratory for their helpful 
suggestions. ; 
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While hydrolvzing the whole plant, including the seed, of some 
grain sorghums, we noticed that a large amount of furfurol was 
given off, and since we obtained an unusually large per cent of 
the nitrogen in the humin it occurred to us that this might be due 
to a reaction between the amino-acids and furfurol. A survey of 
the literature seems to confirm this idea. For example Grindley 
and Slater! found 15.79 per cent of the nitrogen in the humin 
formed in the hydrolysis of alfalfa hay, which was a much larger 
amount than that found in any othersubstance. Nollau® obtained 
13.75 per cent of humin nitrogen from wheat bran. Hart and 
Sure® found 11.83 per cent of humin nitrogen when xylan was 
added in the hydrolysis of casein. Gortner* studied the action of 
formaldehyde, benzaldehyde, and furfurol on certain amino-acids 
and states that the humin nitrogen is probably due in great part 
to the formation of furfurol in the hydrolysis of the protein. 

We found, in attempting to apply the Van Slyke method to 
analysis of the hydrolsate from the grain sorghum plant, not only 
a large amount of humin nitrogen but also incomplete precipi- 
tation of basic acids which was unexpected as 15 gm. of phos- 
photungstic acid had been added. The addition of 50 gm. of 
the acid was required for complete precipitations. This amount 
precipitated from 30 to 33 per cent of the total nitrogen. Only 









‘Grindley, H. S., and Slater, M. K., J. Am. Chem. Soc., 1915, xxxvii, 
2762. 

> Nollau, EB. H., J. Biol. Chem., 1915, xxi, 611 

Hart, kk. B., and Sure, B., J. Biol. Chem., 1916-17, xxvii, 241 

Gortner, R. A., J. Biol. Chem., 1916, xxv:, 177 
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a small amount of the precipitate redissolved on warming, nor was 
it possible to decompose it except to a slight extent-with ether- 
amyl-alcohol mixture. Grindley, Nollau, and others who have 
applied this method to feedstuffs do not mention having had such 
difficulties. However, Brewster and Alsberg® in an article which 

appeared after we had decided to discontinue our efforts to apply — 
the method state that they obtained a much larger per cent of 
nitrogen in the phosphotungstic precipitate than should be ob- 
tained, and attributed this partly to the precipitation of the humin 
nitrogen by the phosphotungstic acid. They had the same 
difficulty as we in dissolving the precipitate. It seemed to us 
that this trouble was caused by the humin which remained in 
solution even after it was made alkaline, but was precipitated by 
the phosphotungstic acid. 

These difficulties led us to study the action of furfurol and 
dextrose on amino-acids and protein hydrolsates. One would 
expect that some of the amino-acids would react more readily 
with aldehydes and sugars than would others, and if this is true 
it would make the application of the Van Slyke method to feed- 
stuffs useless. The results obtained by McHargue® in hydro- 
lyzing casein in the presence of starch for different lengths of time 
might be due to the difference in reactivity of the amino-acids 
with sugars or aldehydes. We have succeeded in obtaining but 
a few of the amino-acids. However, it is thought worth while to 
report the results already obtained and also our study of the action 
of furfurol and dextrose on amino-acids and protein hydrolsates. 


EXPERIMENTAL, 
Action of Furfurol on Amino-Acids. 


Determination of the amino nitrogen was made by the Van 
Slyke method on the stock solution of the amino-acids and on the 
solution boiled with HCl and furfurol in acid solution. The 
results are shown in Table I. Two trials were made with glycine 
without getting evidence of a reaction between it and furfurol. 

It was found that furfurol, when boiled with HCl, changes into 
a black humin-like mass and it was thought that the decrease in 


5 Brewster, J. F., and Alsberg, C. L., J. Biol. Chem., 1919, xxxvii, 367. 
*MecHargue, J. S., J. Agric. Research, 1918, xii, 1. 
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TABLE I, 


Action of Furfurol on Amino-Acids in 10 Per Cent HC! 


Volume of 
- Ts. , Amount of amino Neit AY. = 
Acid. rime boiled. Ysa vast idan end N: recovered 
hr é per cent 
lyrosine 2 () > 9 RQ 8 
sia , 4 ] ) 
2 a) 297.0 
2 2 24.5 90.7 
(ystine 2 0 2.5 
2 I 24.0 “4.6 
(ilycine 2 0) 33.7 100.0 
“ » 1.5 oo. 


amino nitrogen might be due to adsorption by this substance. 
To determine whether or not this was true 50 gm. of grain sorghum 
plant, ground to pass through a 20 mesh, were hydrolyzed 
in an autoclave at 20 pounds pressure in 10 per cent HCl for 3 
hours (we had shown this to give complete hydrolysis) and the 
humin was washed with 2,500 cc. of hot water by decantation. 
It was then washed in the same way with another 2,500 ec. and 
this last was evaporated to 25 cc. and the amino nitrogen de- 
termined; 2.14 mg. were obtained. The 18 gm. of humin con- 
tained 165.4 mg. of amino nitrogen. This with a similar result 
showed that our results with the amino-acids given in Table | 
were not due to adsorption. 


Action of Furfurol on Protein H ydrolsates. 


Samples of shrimp, ecaseln, wool, and salmon were hvdroly zed 
in an autoclave as already described and, after filtering off the 
humin, portions of the solutions, which had been made neutral, 
were boiled in HC] solution with the addition of furfurol. The 
results are shown in Table II. The substances were selected so 
as to have hydrolsates containing largely basic acids in some 


solutions and mono-acids in others. 
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TABLE IL. 
Action of Furfurol on Prot: nm Hudrolsate Ss in Ac id. 
Volume of 


amino N 
in 10 ce. of 


Volume of 
amino Ne 


Amount Concen- ‘ in 10 ce . 
. solution ey cor lime of oa oe Amino N; 
Hydrolsate of tration of - of solution 
before } boiling recovered 
treatment turturol wid after treat- 
witl ment with 
i 


Shrimp 
Casein 
Wool 
Salmon 
Shrimp 
W oo! 


Salmon 


Effect of 


20 
20) 
20 
10 


) 


Neutral 


lurturol 
furfurol irfu 


€ ent f er cent 
9.4 l 10 4 290 OS _6 
2.0 l 10 y [3.5 Q5.S8 
27.3 l 10 2 26.5 OO. 4 
9.0 | 10 2 6.3 93.0 
16.4 2 y It 13.1 OOS 
17.4 Z 5 16 3.5 77.5 
23°80 2 7 16 17.5 74.9 


PABLE Ill 


Concentration o teid on Reaction vwlween Furfurol and Casein 


Volu F 
1 \ ount i od pi sane An ‘ N 
‘ after th 
er cent 
& 2 3.4 li XL. 
a) 2 Lot 21.3 6S.4 
15 2 1). 2 26.3 S7 0 
15 2 0.2 21.0 00.3 
15 2 16.5 15.7 0633 
rABLE IV, 
Concentration of Acid on Reaction between Dextrose and Casein 
Hiudro 
b Dext Wer i? af m = ; seme 
“tent 
hy per cent per cent 
le } oo. 4 b>. A 100.0 
15 } 31.1 Sl. 100.0 
15 ! 16.3 16.0 Qs] 
15 | 30.2 IS G 95.3 
15 | 30.2 ISS 95.3 
15 | 33.4 28.1 S4.1 
15 i ol.1 26.0 83.6 
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rABLE V. 
Effect of Boiling Casein Hiudrolsate im ZO Pe Cent Hel fo 15 Hon rn the 
Pre ence ot | abinose, Sta ch. ( nh | at and Cellulo 
Volume 
YY XN \ 
Na ‘ \r s 
per cen 
Arabinoss 1 16.3 15.4 O4 
Gum Arabi 2 16.3 15.9 97.5 
Starch > 13 15.8 Hy) 9 
Cellulos ) 16.3 15.8 9659 


SUMMARY. 


1. Glycine does not react with furfurol. There is no expla- 
nation of this since t\ rosine and cystine give decided evidence of 
reaction. 

2. It is shown that but a slight amount of the humin nitrogen 
is due to adsorption. 

3. The hvdrolsates Ol shrimp, casein, wool, and salmon react 
with furfurol. 

1. The greatest decrease in amino No is obtained when the 
reaction between a protein hydrolsate and furfurol takes place in 
a neutral or slightly acid solution. This is probably due to the 
fact that furfurol forms a humin-like mass when boiled in aeid 
solution. 

5. The greatest effect is obtained in the reaction between dex- 
trose and a protein hvdrolsate when the solution is either neutral 
or slightly acid. This shows that dextrose reacts directly with 
the amino-acids and not through the intermediate formation of 
furfurol as we thought might be true. 

Our results with dextrose together with the fact that we seemed 
to get a precipitation of humin nitrogen with phosphotungstic 
acid leads us to think that the method proposed recently by 
Kekstein and Grindley’ for the analysis of feedstuffs by the Van 
Slyke method would lead to low results. In order to remove the 
carbohydrates, they digest the sample for 60 hours in 0.1 per cent 


* Eckstein, H. C., and Grindley, H. 8., J. Biol. Chem, 1919, xxxvii, 
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hydrochloric acid. This converts starches to sugars, and since 
the acid concentration is low,the conditions are most favorable 
for the reaction of the sugars with the amino-acids. It is true 
that this concentration of acid would not hydrolyze much of the 
protein, but it should be remembered that there is a high per cent 
(30 to 40 per cent) of soluble nitrogen, mostly in the form of 
amino-acids, in many feedstuffs. 

6. The results given in Table V show, as would be expected, 
that substances which yield either sugars or furfurol when boiled 
with hydrochloric acid decrease the amino nitrogen when boiled 
with a protein hydrolsate. 

7. It was found that complete hydrolysis of various proteins 
is brought about by heating in 10 per cent HC! in an autoclave 
for 3 hours at a pressure of 20 pounds. 
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The coagulation of milk by heat was first observed by Ham- 
mersten,' who found that it occurred at from 130-150°C. with 
different samples of milk. Since then the question has been 
studied very little, and no tenable explanation has ever been given 
for the difference in the coagulating points of milks from different 
cows. Inrecent years a knowledge of the factors which determing 
this difference has become very desirable, for these same factors 
undoubtedly determine whether a condensed milk will coagulate 
when it is sterilized. The coagulation of condensed milk or 
sterilizing causes serious losses in the milk-condensing industry. 

In the manufacture of condensed milk, the fresh milk is first 
pasteurized or ‘‘preheated”’ at from 180-210°F. for from 1 to 20 
minutes. The condensing is done under vacuum at 130-160°F. 
After the desired concentration has been attained, the milk is put 
into cans, sealed, and then sterilized at 224—240°F. for 20 to 50 
minutes. It is during the sterilizing process that the coagulation 
occurs. Because it occurs so frequently, all the condensed milk 
is placed into shaking machines to break up any loose coagulum 
that may have formed. However, frequently the eoagulum is so 
firm that even after shaking the milk remains lumpy. Such a 
product is rejected by the consuming public, and thus is a loss. 

Manufacturers have sought to solve the problem by controlling 
the acidity of the milk. They have set an arbitrary standard 
such as 0.18 per cent acid (calculated as lactic acid), above which 


“ Publishe d with the permission of the D rector of the Wiseonsi \er 
cultural Experiment Station. 


‘Quoted from | terature referred to in, Kastle, J. H., Chemistry ot 


milk, Hyg. Lab., Bull. 56, 1909 
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they reject all milk. This has led to much difficulty, because 
often, immediately after it is drawn from the cow, milk has a 
higher titratable acidity than 0.18 per cent. Thus the con- 
denseries may be rejecting perfectly fresh milk, believing that 
they are remedying their difficulty in this way, although it has 
never been demonstrated that titratable acidity is related to the 
coagulation. The factors involved in the coagulation have never 
been determined, and no explanation is available on which to 
base a remedy for this difficulty. 

To offer an explanation for the difference in the coagulating 
points of different milk samples the following factors were studied: 
titratable acidity, hydrogen ion concentration, concentration of 
the milk, and composition and balance of the milk salts. 


The Hleat Te st. 


The temperature at which the milk was heated was arbitrarily 
set at 136°C. At first the heating was done in an autoclave at 50 
pounds pressure for 20 minutes, and in that way the milks were dif- 
ferentiated into coagulating and non-coagulating. With the auto- 
clave, it took about 10 minutes to get up to the desired pressure ; 
and, after the milk had been heated, the pressure had to be released 
gradually to prevent the milk from boiling over. The disad- 
vantages of this method were such that there were no sharp limits 
from which to caleulate the 20 minute interval, and it was im- 
possible to determine the relative rates at which the milk samples 
coagulated. 

To overcome these disadvantages the milk was placed into 
small glass tubes, sealed, and then heated in a xvlene vapor bath 
which was constant at 136°C. within 0.5°C. The sealed tubes 
were clamped in a rack, so arranged that it could be tilted to invert 
the tubes, to see how the milk would flow, and in that way it was 
possible to determine the exact length of time required for each 
sample to coagulate. The milk in the sealed tubes was up to 
136°C. in less than 1 minute, so the point from which to calculate 
the time was practically the instant the tubes were inserted into 
the vapor bath. 
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lactic acid), it was of interest to know how much variation there 
was in the tritratable acidity of milk from individual cows, and 
what relation the acidity would bear to the coagulation. ‘To study 
this, samples were taken from the University herd and titrated 
immediately, and the heat test in the xylene vapor bath applied 
as soon as possible. The results given in Table I were obtained. 

The titratable acidity varies from 0.102 to 0.257 per cent. Out 
of the 86 samples, 45 are above 0.18 per cent. 

In fresh milk there is no direct relation between titratable 
acidity and coagulation, as is evident from Table II. If fresh 
milk samples were more nearly alike in titratable acidity, then 
titratable acidity might bear a direct relationship to the heat 

TABLE Il. 
Summary of Titratable Acidity and Coaqulation. 


No above No below 


Date Fins > al 0.18 per cent No, that are 0.18 per cent N a ar 
wary acid.* - acid.} : : 
May 8...... 26 15 5 il 6 
10 30 14 7 16 7 
16.. 30 16 1] 14 6 
Total S6 15 23 11 19 
* Per cent above 0.18 per cent acidity, coagulating 20 p1.2 percent 
+ 20+ means coagulation within 20 minutes. 
t Per cent below 0.18 per cent acidity, coagulating 204 16.4 per 


cent. 


coagulation of commercial milk samples. The acidity would then 
be a measure of the amount of fermentation that had taken place. 
Lactic acid fermentation lowers the coagulating point in two ways; 

1) it changes the reaction, and (2) it lowers the citrie acid content 
of the milk very rapidly. Both of these are factors in lowering 
the coagulating point, as will be shown later. 

Since fresh milk samples vary so widely in titratable acidity, 
it is impossible to measure the extent of acid fermentation in a 
sample by titration. Tor this reason it is impossible to use titra- 
table acidity as a criterion of coagulability. 


2 Bosworth, A. W., and Prucha, M. J., Tech. Bull. 14, N. Y. Agric. Exp. 
Station, 1910. 
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Cow pH Cy Co cg in 
3 6.55 2.82X10 ° 
32 6.83 1.4810 
13 6.58 2.6310 
24 6.83 1.4810 
13 6.25 5.6210 
32 6.66 2.1910 
31 6.66 2.19X10-—7 } 

13 6.58 2.6310 

32 6.69 2.0410 
31 6.70 1.9910 
24 6.73 1.8610 
14 6.70 1.9910 } 
13 6.44 3.62 10-7 
32 6.64 2.29 10-7 ae 

| 

31 6.64 2.29X 10-7 {tt 
24 6.70 1.9910 - 
14 6.44 3.62X10-7 - 

33 6.59 2.56 10-7 bot 
13 6.50 3.16 10-7 
31 6.94 1.1510 
32 6.92 1.20 10-7 
24 6.93 1.17X10 
14 6.50 3.16 10—7 
33 6.68 2.09 10-7 
13 0.67 2.1410 
31 6.S4 1.4410 
33 6.69 2.04X10- 

33 6.64 2.29 10-7 
13 6.64 2.29X10 
31 6.93 1.17X10 
32 6.79 1.6210 
24 6.79 1.6210 
14 6.5S 2.6310 
24 6.97 1.07X10 
33 6.59 2.57X10 
3l 6.85 1.4110 
i] 6.79 1.6210 


signs indicates 


l 


TABLE III. 
Hydrogen Ion Concentration and C 


Cag 


degree of firmness. 


t] 


ulation. 



























































The Heat Coagulation of Milk 


Hy droge H Ton Concentration. 
Y 


Titratable acidity does not give an index to true acidity, or 
hydrogen ion concentration, so that if there is any relation between 
acidity and coagulation, it would be most likely to exist between 
the hydrogen ion concentration and coagulation. To study this 
possibility the hydrogen ion concentration of fresh milk was 
determined by means of the gas chain method, and the heat test 
was applied by means of the autoclave. The results given in Table 
III were obtained. 

From a study of the data it becomes evident that the hydrogen 
ion concentration is not the determining factor in the coagulation. 
Samples of equal C,, do not always respond alike to the heat test: 
one nay remain liquid, and the other may form a firm coagulum. 
In a large number of cases samples of high C, did not coagulate, 
whereas samples of lower C,, did, the exact reverse of what should 
happen if true acidity was the cause of the coagulation. 

We must conclude from this that in fresh milk (". is not the 
determining factor in the coagulation. However, it may become 
a factor, for if we change the reaction of a milk sample by adding 


small amounts of acids the coagulating point Is lowered. 


( oncent atior a 


The concentration of the milk would be expected to influence 
the coagulating point, This Was Toul cl to he the case w hen milk 


was diluted (Table TV). 


Relation of Coagulatior 0 Concentration 
20 of milk + HeO 


HeO added 
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Not only the concentration of the casein influences the coagu- 
lating point, but also the concentration of the serum. This was 
determined by comparing the effect of water dilution to the effect 
of dilution with milk serum obtained by filtering the milk through 
Pasteur-Chamberlain filters (Table V). 

In the dilution with water, where the casein and the serum are 
both diluted, the effect is greater than where the casein alone is 
diluted by adding serum ; therefore, the concentration of the serum 
is also a factor influencing the coagulating point. 

Concentration of casein and of serum may in part explain the 
difference in the coagulating points of different milk samples. 
TABLE V. 

Relation of Coagulation to Concentration of Serum 


5 ec. of milk + serum 


( ilat 
Serum added 
0.0 1} 
0.1 ] 
0.2 y 
) ilk HO 
( i at 
HeO add 
0.0 1 
0.1 é 
0.2 


However, in most cases, with the slight variation in concentration, 
this factor is of minor importance, just as C, is. There must be 


another factor of greater importance. 


Composition and Balance of Milk Salts. 


Since electrolytes have a very marked effect upon the stability 
of colloids, we should expect that variations in the salt con¥po- 
sition would influence the stability of the casein in the milk. 

That the various salts exert an influence on the coagulating 


point was shown in a number of cases. 






































a MOOR, 
ree 


Geen ria ih ae 


144 The Heat Coagulation of Milk 


The effect of an addition of ammonium oxalate to milk that 
previously coagulated is shown in Table VI. 

The removal of calcium by precipitation prevents coagulation 
in most cases and similarly in most cases the addition of small 
amounts of calcium salts lowers the coagulating point. This 
coagulation can again be balanced by means of sodium citrate or 
dipotassium phosphate (Tables VII, VIII, IX, and X). Coagu- 
lation caused by MgCl: or BaCl, can also be balanced by sodium 
citrate (Tables XI and XII). 

In most cases coagulation can be prevented by the addition of 
citrates or phosphates, the coagulation being due to an excess of 
ealcium and magnesium. However, in a few cases the addition 
of citrates or phosphates did not prevent coagulation, but rather 


TABLE VI. 


Ammonium Oxalate Prevents Coagulation. 
5 ee. of milk + 10 per cent (NH4)2 C204 
/ Coagulation in 20 min. 
(N Ha)2 C204 added 


drops 
0 Lf 


l 
1 


hastened it. In these cases the addition of the proper amount of 
calcium salts prevents coagulation or at least raises the coagulating 
point (Tables XIII and XIV). 

Irom the data we see that the calcium and magnesium are 
balanced by the phosphates and citrates of the milk practically 
in gram-equivalent amounts. The sodium and potassium chlorides 
in the concentrations present do not have any marked influence on 
the coagulating point, so that the balance of the four constituents, 
calcium, magnesium, citrates, and phosphates, largely determines 
whether a milk will coagulate or not. If calcium and magnesium 
arevin excess, the milk will coagulate on heating. If caletum and 
magnesium are properly balanced with the phosphates and citrates, 
the optimum stability obtains. If phosphates and citrates are in 
excess, coagulation will also result. 
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TABLE VII. 


Balance between Calcium and Citrates.* 
25 ec. of milk plus. 
Coagulation time. 
m/2 Ca acetate m/2 Na citrate. HO 
cc ce. ce. min. 
0.0 0.0 Lo 3 
0.3 0.0 1.0 } 
0.3 0.1 0.9 23 
0.3 0.2 OS ; 
05 0.3 0.7 2 
0.3 0.4 0.6 1} 


*The sodium citrate consisted of 25 ec. of sodium Mm 2 citrate plus 


3 ec. of mM 2 citrie acid. This solution was distinctly acid, so that the 
balancing effect could not have been due to neutralization of acidity by 
means of the sodium citrate. 

TABLE VIII 


Balance between Calcium and Ci'rates.* 


25 ce. of milk plus 
Coagulation time. 


M/2 Ca acetate m/2 Na citrate HO 
ee. ce 62. min 
0.0 0.0 1.6 } 
0.4 0.0 1.2 } 
0.4 0.2 1.0 10 
0.4 0.4 0.8 40 
0.4 0.6 0.6 2} 
0.4 OLS 0.4 2 


*The sodium citrate consisted of 25 ce. of mM 2 sodium citrate plus 
1 ce. of mM 2 citric acid 
TABLE IX. 


Balance between Calcium and Citrates. 


25 ec. of milk plus } 
Coagulation time. 


m/2 Ca acetate m/2 Na citrate H.O | 
cc. cc. ce. min. 
0.0 0.0 1.8 25— 
0.8 0.0 1.0 i 
0.8 0.4 0.6 i 
0.8 0.6 0.4 25— 
0.8 0.8 0.2 25— 
0.8 1.0 0.0 4} 
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TABLE X., 


Balance between Calcium and Phosphate 


ce. Oo ilk pl is 
Coagulation time 
m/2 Ca acetate M/2 KeHPO, HeO 
‘ ( ‘ min 
0.0 0.0 L.2 20 
Wo 0.0 0.7 
0.5 | 0.2 0.5 
0.5 0.3 O.4 l 
0.5 0.4 0 0 
0.5 0.5 0.2 1) 
0.5 0.0 0.1 0 
O.5 0.7 0.0 6 
rABLE XI. 
Bala hetween Magnesium and Citrates. 
25 ec. of milk plus 
Coagulation time. 
a/2 MgCly | M/2 Na citrate | HO 
‘ cc min 
0.0 0.0 0.7 20 
Ooo 0.0 0.4 
Os 9.2 Q.2 20 
0.3 0.5 0.1 x) 
U.o 0.4 0.0 s 
rABLE XII 
Balance between Barium and Citrate 
I ilk plu 
( rulation time 
Bal Na eitr ri Ho) 
() oo () 20— 
oo O.2 
) {) 0.0) ") 


hus the coagulation of a milk sample on heating may be due 
either to an excess or a deficiency of calcium and magnesium. 
We may explain this in the following manner. The casein of the 
milk is most stable with regard to heat coagulation when it is in 


combination with a definite amount of caletum If the caletum 
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combined with the casein is above or below this optimum, the 
casein is not in its most stable condition. The calcium in the milk 
distributes itself between the casein, citrates, and phosphates 
chiefly. If the milk is high in citrate and phosphate content, 
more calcium is necessary in order that the casein may retain its 
yptimum calcium content after competing with the citrates and 


phosphates. If the milk Is high in caleium, mere may not he 


rABLE XIII. 


Bes all Which Ca um P fe ¢ 
& Ca i ( 
Oo.0 oOo OOS ! 
0.2 0.0 ‘) i) 
Q.2 1 Og ] 
U2 Q.2 { | 
Q.2 () Ooo 
0.2 () Q.% 
rABLE XIV 
1 Ny j } ( I } ( / 
1/4 ¢ ‘ He 
0.0 O05 
i) 0.4 
) ) 
Yo 0.2 
0 1 ‘ 
0.5 Ou 


sufficient citrate and phosphate to compete with the casein to 
lower its calcium content to the optimum. In such a case the 
addition of citrates o1 phosp! ates makes the casein more stable 
by reducing its calcium content. The magnesium functions by 
replacing the ecaletum in the citrates and phospl ates. 


! > } 4 
[mn most cases the coagulation is due to an excess OF CALCU and 





. , ‘ =. 6 : : 
magnesium. It IS possible aa) balance thi excess DV citrates 
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150 The Heat Coagulation of Milk 


phosphates, carbonates, and other salts. It is also stated that 
danger of coagulation may be avoided in the actual practice of 
condensing milk by l agthening the “ preheating” period, using 
higher temperatures. This may have the effect of lowering the 
soluble calcium content by precipitating part of it as insolubl 
calcium phosphate.! 

To demonstrate the importance of the salt balance in the coagu- 
lation of milk, a number of samples were analyzed for total citric 
acid, phosphorus, calcium, and magnesium (Columns 2, 3, 4, and 
5, Table XV). To ealeulate the balance between citric acid and 
phosphates, and caletum and magnesium the percentages were 
converted into gram-equivalents as follows: 

Citrie acid 
a ron < 100 
P.O; X 100 i. is 
71 “a 


CaQO & 100 


56 
MgO X 100 
d 
40 
* Multiply by “7; because at pH 6.50, the average reaction of milk, the 


ratio of primary to secondary phosphate, is such that the mean basicity 
of the phosphates is approximately ;; of what it would be if all the 
phosphates were secondary phosphates. 


Column 10 shows the sum of citric and phosphoric acids in 
gram-equivalents; Column 11, the sum of caleitum and magnesium 
in gram-equivalents. Column 12 shows the balance; a plus sign 
showing an excess of calcium and magnesium, and a minus sign 
showing an excess of citric and phosphoric acids. In only a few 
eases is there an excess of citric and phosphoric acids, and the 
excess is small. Those that coagulated had the largest excess of 
calcium and magnesium. ‘To make this result more apparent, 
Column 13 shows the values of Column 12 minus 0.40. This figure 
was arbitrarily chosen and subtracted so as to make the coagulat- 
ing samples have a plus sign and the non-coagulating samples have 
aminus sign. In five cases out of the thirty this result does not 
hold. However, the fact that, in twenty-five out of the thirty 
samples, those having the highest excess of calcium and magnesium 
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over citrates and phosphates coagulated and those having the 
lowest excess did not coagulate, indicates that this factor is very 
important. 

The five exceptions may be due to the other factors, concen- 
tration and reaction. Samples 2 and 9, with their small excesses 
of calcium and magnesium, should not coagulate; however, both 
samples are high in total solids. Samples 20 and 26 did not coag- 
ulate although the excess of calcium and magnesium is high; again 
the explanation may lie partly in the concentration of the milk, 
both samples being low in total solids. If the pH.had been 
determined we might have gained further insight into these 
exceptions and an explanation for the irregularity of Sample 29. 


SUMMARY AND CONCLUSIONS. 


1. The main factor in the heat coagulation of fresh milk is the 
composition of the milk salts. Apparently casein requires a 
definite optimum calcium content for its maximum stability. 
The calcium content of casein is largely controlled by the mag- 
nesium, citrates, and phosphates present. 

2. In fresh milk there is no relation between titratable acidity 
and heat coagulation. 

3. Acid fermentation in milk lowers the coagulating point by 
changing the reaction and by lowering the citric acid content. 
However, the titratable acidity of fresh milk samples varies so 
widely that it is impossible to determine the extent of acid fer- 
mentation by titration. Therefore it is impossible to use the 
acidity of milk as a criterion of coagulability. 

4. Difference in concentration accounts partly for the difference 
in coagulation of fresh milk samples. 

5. Hydrogen ion concentration is not the determining factor in 
fresh milk coagulation. It is nevertheless a factor in fresh milks, 
and in commercial milks it may become an important factor. 
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It is evident that the demonstration of a beneficial effect of a 


pancreas preparation, when administered parenterally to a 
diabetic animal, would be of importance both theoretically and 


practically. Theoretically it would support the internal secretion 


hypothesis of the origin of diabetes. Practically it would suggest 


a possible therapeutic application. 


The early work in this field was either negative or, as Pfliger,! and 
Leschke? have shown, is open to serious criticism. The usual criterion 
was a lowering of the concentration of sugar in the urine or a diminution 
of the total 24 hour output of sugar. Either of these effeets may easily be 
caused by a diminished intake of food, due to the loss of appetite usually 
resulting from the treatment, to a change in the character of the diet, on 
to an influence on the kidneys. In elinical experience, the féeding of pan- 
creas preparations has sometimes seemed to have a favorable subjective 
effect but with no constant antidiabetic action. Often this appeared to be 
due to supplying the external secretion to patients in need of it Parenteral] 
administration usually has not given good results. Ina brief résumé of 
the literature Allen® says: ““Though pancreas feeding may have at least a 
digestive value in some cases of diabetes, injections of pancreatic prepara 
tions have proved both useless and harmful. The failure began with 
Minkowski, and has continued to the present without an exception.’ 

The more recent work may be summarized very briefly. Scott* found 
that intravenous injections of water extracts of pancreatic tissue, which 
had previously been extracted with alcohol, diminished temporarily the 


‘ Pfliiger, E., Arch. ges. Physiol., 1907, exviil, 267. 

? Leschke, E., Arch. Physiol., 1910, 401. 

> Allen, F. M., Studies concerning glycosuria and diabetes, Cambridge, 
1915, S15. 

‘Scott, E. L., Am. J. Physiol., 1911-12, xxix, 306 
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sugar excretion of diabetic dogs and lowered their D/N ratio. Murlin and 
Kramer® injected boiled pancreatic extracts into depancreatized dogs and 
found a temporary reduction in the output of sugar. A mixed boiled ex- 
tract of pancreas and duodenal mucosa produced a greater fall, and in one 
case a complete disappearance of the urinary sugar. The results were 
referred by these authors mainly to the sodium carbonate present in the 
extracts, because Ringer’s solution, which had been brought to about the 
same degree of alkalinity as the medium used for the extract, was found 
to have similar effects. Later the preliminary announcement® of the pres- 
ent work led Murlin and Kramer’ to try unboiled pancreatic extract. 
This was given by mouth, however, and was mixed with Na,CO;. A favor- 
able influence on the respiratory quotient was observed in two experiments. 


The present work was undertaken because of the remarkable 
influence which an emulsion of pancreas had been found to exert 
upon the disposition of intravenously injected dextrose in diabetic 
dogs. In normal animals’ large quantities of sugar, introduced 
intravenously, were promptly lost from the circulation: in diabetic 


animals,®° on the other hand, this occurred very slowly, as was 
shown by the fact that even an hour and a half after the end 
of the sugar infusion the blood sugar was still far above its original 
level. Now, when an emulsion of pancreas was mixed with the 
glucose solution to be injected, the diabetic animal handled the 
sugar in nearly a normal manner. Then the question naturally 
arose whether a similar pancreatic emulsion would not help the 
diabetic organism to dispose of its own excess sugar also. 

In testing this question there were two principles which, we felt, 
should be followed. First, since the chemical properties of the 
effective substance or substances in the pancreas were unknown, 
it seemed necessary to avoid complicated procedures of purifica- 
tion; therefore, a simple water extraction with subsequent dilution 
withsaline was adopted. Secondly, since depancreatization brings 
on its effect within a very short time, it appeared that normally 
the pancreas secretes its effective substance into the blood stream 
continually in very small amounts. It was therefore decided to 


5’ Murlin, J. R., and Kramer, B., J. Biol. Chem., 1913, xv, 365. 

6 Kleiner, I. S., and Meltzer, S. J., Proc. Nat. Acad. Sc., 1915, i, 338. 

7Murlin, J. R., and Kramer, B., J. Biol. Chem., 1916, xxvii, 517. 

8 Kleiner, I. S8., and Meltzer, S. J., Am. J. Physiol., 1914, xxxiii, p. 
xvii. Kleiner, I. S., J. Exp. Med., 1916, xxiii, 507. 
9 Kleiner, I. S., and Meltzer, S. J., Proc. Soc. Exp. Biol. and Med., 
14 


10 i>. xu, 58. 
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introduce the pancreatic preparation by the intravenous route very 
slowly and over an appreciable period; the results, however, might 
be expected to be observed during the injection and fer only a few 
hours thereafter. These principles were followed and the results 
were very gratifying—in a word, the slow intravenous infusion 
of an aqueous pancreatic “emulsion”? usually resulted in a tem- 
porary but marked decrease in the glycemia and glycosuria. The 
first few experiments were briefly reported in 1915.° The present 
paper includes these experiments as well as a large number of 


experiments performed since the first communication 


Mi thod. 


Operation. Total depancreatization was performed in the 
majority of cases. In three animals, used in the six most recent 
experiments, the “ Allen”? procedure, 7.¢. leaving a small remnant 
around the large pancreatic duct, was adopted. The operations 
were performed under ether anesthesia. 

Preparation of “ Emulsion”’—F¥resh dog’s pancreas was hashed, 
mixed with three or four times its weight of sterile distilled water, 
and placed in the refrigerator. After a period of from 1 to 20 
hours it was strained and squeezed through muslin. The fluid 
thus obtained was diluted with 5 volumes of sterile 0.9 per cent 
NaCl solution before injection. This dilute solution was faintly 
acid or neutral to litmus, light pink in color, and almost clear. At 
no stage was it filtered, nor was sodium carbonate or any other 
substance added. In one experiment (LP77a), Ringer’s solution 
was used in the extraction and also in the dilution; this did not 
lead to a better result. The eraulsions of other tissues, used in 
the control experiments, were prepared in a similar manner. 

Injection and Blood Sampling.—Some time before the infusion 
was to be given, the animals (in most of the experiments) re- 
ceived a small dose of morphine sulfate subcutaneously, usually 
about 1.5 mg. per kilo. Cannulas were then introduced unde 
local anesthesia into a convenient vein and artery, for injection 
and blood sampling, respectively. In the six recent experiments 
no morphine was given and only one cannula (the venous) was 
introduced under local anesthesia (ethyl chloride). In this series 
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the blood was drawn directly from an external jugular vein into 
asvringe. The urine was obtained by catheter in all cases. 

Analytical Methods.--The blood sugar determinations were 
made by the Myers-Bailey!® modification of the Lewis-Benedict 
method. Glucose in the urine was estimated by a modification 
of the Pavy'! method or by Benedict's” method. Hemoglobin 
was determined in most of the experiments by discharging 2 ce. 
of blood into dilute HCl] (about 0.3 per cent) in a 250 ce. volu- 
metric flask, diluting to this volume, and comparing the density 
of the color in a Duboseq colorimeter. The first blood sample of 
each experiment was used as the standard and was taken as 100 
per cent for that experiment. Later the Sahli hemoglobinomete1 
was used and, to avoid confusion, the results are similarly 
expressed. 

Four illustrative protocols, including three injections of pancreas 
emulsion and one control, follow. 

Experiment LP? 2a.-¥rom Table I it will be observed that the 
high blood sugar value of 0.31 per cent fell to 0.14 per cent in the 
course of the 78 minute injection period and after another period 
of 90 minutes it was still low (0.13 percent). Both of these figures, 
0.14 and 0.13 per cent, are practically normal values, but emphasis 
is to be placed on the extent of the drop, from 0.31 to 0.13. per 
cent, a fall of O.18 per cent, rather than upon the absolute value 
finally obtained. At the same time this decrease in the concen- 
tration of the blood sugar is not accompanied by any change in 
the hemoglobin value, or by an increased glycosuria. In other 
words it is not due to a dilution of the blood sugar by the injection 
fluid, or to a washing out of the sugar through the kidneys. In 
fact the kidney excretion of sugar is greatly diminished. 

This was one of the few experiments in which the injection pro- 
duced any noticeable general symptoms; there was first a fall and 
then a rise in temperature. There was no marked harmful effect 
of the infusion, however, as the animal was given a second infusion 
2 days after the first and lived 2 days after that. The second 
infusion caused only a slight fall in the glycemia (see LP72b in 


Table V). ‘ 


0 Myers, V. C., and Bailey, C. V., J. Biol. Chem., 1916, xxiv, 147. 
“To be published shortly. 
Benedict, S. R., J. Biol. Chem., 1911, ix, 57. 
































Male, 11.25 Kilos, 


Date 


Apr. 20 


Apr. 21 
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TABLE L. 


Experiment LP72a 
/ 


6 

Time. x 

10.00 Injected 1.5 mg. of mor- 
phine sulfate per kilo 
subcutaneously. 

10.23 

10.36 Cannulas have been in- 
troduced into left ex- 
ternal jugular vein 
and right carotid ar- 
tery under ethv! chlo- 
ride and coeaine hy- 
drochloride. 

11.08 

11.11 0.31 

11.15-) Injected intravenously 

12.33 112 ec. of dilute pan- 
creas emulsion pre- 
pared from the pan- 
creas of this dog. 

11.23 | Cheyne-Stokes respira- 
tion during most of 
injection. 

p.m, 

12.34 0.14 

12.44 

12.48 

1.00 | Slight tremors of mus- 
cles of head and hind 
legs. 

1.18 | 

1.35 | Tremors have stopped 

2.04 0.13 

2.15 

2.18 

a.m. 

9.45 Not catheterized, 


( ‘compl tely De pancreatized 


April 19, 1915 
ate Urir 2 
ESE| 5 Glucos e 
er om . 
ent pe ( 
39.1 
20) 10-08 
100 
101 37.9 
31.5) 8.79) 1.85 
38 8 
40.3 
100 
42.5) 1.62 0.46 
10.8 t 
193 1.49 39.3 








158 Pancreas Emulsions in Experimental Diabetes 





Experiment LP76.—In Experiment LP76 (Table II), in spite 
of an intense hyperglycemia and glycosuria the administration of 


TABLE I 
Experiment LP76. 


Pe nal 9 Kil ( ” ple tel Denar / l, 115 
' 
Jate Tir 
m tt r cent r 
aT 
May 1210.15 38.5 
10.40 | Injected 1.4 mg of mor- 
phine sulfate per 
subcutaneously. 
11.06 | Cannulas have been in- 
troduced into left ex- 
ternal jugular vein 
ind left carotidartery 
und ethvl chloride 
md Cocaine } ir 
cbiloride 
11.07 Catheterized. 111 }- {4 
11.20 38.0 
11.43 ° 20.5; 11.163.82 
11.45 0.33, 100 
11.49-| Injected intravenous!) 
12.52 112 ee. dilute pancreas 
emulsion prepared 
Iror tl pan eas of 
this dog 
12.53 30 12.383.18 
12.54 0.25, 10] 
1.13 39.0 
y 4 | 14 3.640.33 
> 90 0.25 1058 
2.43 39.5 


pancreatic emulsion reduced the blood sugar and urine sugar to a 
marked degree, (0.10 per cent), without producing any unfavor- 


able Symptoms or alte eting the t mperature very much, 2 days 
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later a different type of experiment was performed on this 
animal, after which it was killed with chloroform. 
Experiment DP1la.—Experiment DPla (Table Ii) was one of 


the more recent ones. No morphine Was used ali d OLY n in- 


Erperiment DPia. 


Femal , 8.4 Kilos, 92 Per Cent of the Pa Roy { / 119, 


1.” ot , aT > hr 
Apr. 8 (10.20 0.20, 100 
10.36 | Catheterized 1.25 
11.19 22 8 


11.30 | Under ethyl! chloride a 
cannula has been in- 
serted in the right 
external jugular vein 


11.33 0.21; 102 


11.49-) Injected intravenously 
12.51 60 ce. of dilute pan- 
reas emulsion pre- 
pared from the pan- 


creas of this dog 


‘a 
12.36 0.12) 102 
12.44 10 5.40 0) 
2.15 O.U0S OD 
2.23 14 0.5 0.04 
2.26 10.4 

m 

Apr. 9 10.08 0.27 99 | 800 0.531 | 9 on 
10.20 | Catheterized 20 3.62 
10.26 + ane) 


jection cannula was introduced into a vein, The animal was kept 
on the board only during the necessary experim ‘ntal procedures. 
| he infusion 0) pamnereas emulsion in) this case caus d nountavor- 


ible syinptoms and had a verv strikir g effect on thi glycemia. 
















































160 Pancreas Emulsions in Experimental Diabetes 





Before injection there was a constant and moderate hyperglycemia 


(0.20 and 0.21 per cent). 


At the end of the injection, the blood 


sugar had fallen to 0.12 per cent, practically a normal figure, and 
| hour and 39 minutes later the distinctly normal value, 0.08 per 


cent, was found. 
been established. 


Vale, 14.25 Kilos, Depancreatized June 7, 


Date rime 


a 


m 


TABLE IV. 


On the next morning hyperglycemia had again 
The urinary sugar record is also of interest. 


Experiment LP81a. 
1915, at least 94 Per Cent of the 


Pancre as Ri move d. 


June 8 10.35 Injected 1.5 mg. of mor- 


11 
11 
11 


11.56 


12 


12. 
1 


») 


tot 


24 
135 
52 


39 
11 


OS 
4 


phine sulfate per kilo 


subcutaneously. 


Cannulas have been in- 


troduced into the left 


carotid 
right 


artery and 


jugular vein 
under ethyl 


Catheterized 


Injected 


intravenously 


114 ce. of dilute emul- 
sion of normal dog’s 
submaxillary gland. 


chloride 





Pi Urine. ze 
& = 
7 2 = 
z 3 Glu = 
a > a 
per z per gm C 
ent ae sont |per hr 
7S 
116 | 5.96 
0.34 100 
0.32! 95 
38.3 
0.33 94 


100 | 3.32) 1.14 


The excretion of 1.15 gm. of glucose per hour before the injection 
was followed by a diminution to half that figure during the in- 
jection and thereafter only traces were excreted for at least an 
hour and a half (0.04 gm. per hour). 


contained very little sugar (0.2 gm. per hour) but it is evident 


that the kidney was not rendered permanently impermeable to 


The over night urine also 
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sugar because the next urine obtained by catheter contained 
3.62 per cent dextrose. 

On the following day (see DPIb in Table V) an injection of 
another pancreas preparation lowered the blood sugar from 0.27 
to 0.20 per cent. The urinary sugar excretion was diminished 
very markedly; in one period no qualitative reaction whatever 
could be obtained. 

Experiment LP81a—In Table IV is given an outline of Experi- 
ment LP81a, one of the controlexperiments. The animal received 
an intravenous injection of submaxillary gland emulsion. The 
slight decrease in the blood sugar percentage is in marked contrast 
with the results obtained when pancreas emulsion was used, and 
runs parallel with the hemoglobin; 7.e., here what little effect there 
is may be referred to dilution by the intravenous injection of 114 
ec. of fluid. The urinary data are insufficient im this experiment 
but indicate a possibly diminished output of sugar. 

There were no noticeable general effects caused by the infusion 
and on the next day the administration of pancreatic emulsion 
lowered the blood sugar from 0.38 to 0.24 per cent (see LPS81b, Table 
V). 

In Table V all the experiments with pancreas emulsions are 
collected. It will be seen that in most of them there occurred 
a substantial reduction in the blood sugar. As the samples were 
not taken at short intervals it is quite probable that the lowest 
values were not discovered. However, normal or nearly normal 
figures were found in several cases. Study of the table indicates 
that, when effective, the emulsion produces an effect during the 
slow injection, because the blood sugar is usually lower at the 
end of the injection than at the beginning. The glycemia remains 
low or continues to fall for about 15 to 1} hours, and then, if we 
may trust the few figures at hand, it gradually rises. It is certain 
that the effect does not last many hours, for in a number of the 
experiments a sample of blood was taken on the following morning 
and invariably showed a hyperglycemic value. 

In all except one experiment (LP75), there occurred a dimi- 
nution in the excretion of sugar. In some cases this was quite 
marked, resulting in a urine reacting negatively to Benedict’s 
qualitative test. Such urines, however, had normal color and 
specific gravity. In about half the experiments there was a 
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decided reduction in the volume of urine secreted in the 1} hour 
period following the injection, indicating perhaps some temporary 
functional damage to the kidney; it is possible that this may be 
caused by the injection of any tissue extract. In the rest of the 
experiments there was no diminution in urinary flow even when 
the sugar output had practically ceased (see Experiments LP77a, 
DPlaand b, DP2 a, b, and ec, Table V). 

The controls in which emulsions of several other tissues were 
injected are tabulated in Table VI. There was no marked effect 


TABLE VII. 


Summary. 
Vaximum Reduction of Blood Sugar Produced by Injection of Tissue Emulsion. 


Marked reduction Moderate or no reduction 


Maxi- 
mum 
Y i - . Maximut 
Rupert | seaue- Kind Experiment) eduction of Kind of emulsior 
J ] ' sductio ) d of e sio 
ment No. | tion of | of emulsion No. ‘i + Fi <in emulsion. 
ylood suge 
blood Od sugar 
Sugar. 


LP70 0.20 | Pancreas. LP72b 0.06 Pancreas, 
LP72: 0.18 " LP75 0.05 - 
LP73 0.17 : LP77a 0.05 
LP74a | 0.09 . LP77e 0.02 
LP74b | 0.10 " DPIib 0.07 
LP76 0.10 “ DP2e 0.07 
LPS8ib | 0.14 * LP77b | Increase. | Submaxillary gland. 
DPla 0.13 sis LPSla 0.02 ve a 
DP2a 0.11 a LPM Increase. 
DP2b 0.16 ' LPS6 0.02 
LPS3 0.06 Spleen. 
DP3 Increase. Muscle. 


on the blood sugar in any of these tests. Injection of emulsion 
of spleen (Experiment LP83) was followed by a slight fall of 
blood sugar, from 0.41 to 0.35 per cent; this was the maximum 
effect observed in any of the controls. Indeed a slight increase 
in the blood sugar was observed in three experiments. The 
amount of sugar eliminated by the kidney was usually decreased 
to some extent, but not so much as in the pancreas injection 
experiments. In none of these controls, for instance, was a 
negative or weak Benedict’s test obtained and it is probable that 


in some of these, as in many of the pancreas emulsion experi- 
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ments, we have to do with an impairment of the renal epithelium. 
The striking point in these six experiments is the regular failure 
to observe a marked lowering of the blood sugar as contrasted 
with the success when pancreas emulsion was used. 

This difference is brought out in the summary (Table VII). 
Here it will be observed that ten out of sixteen pancreas emulsion 
injections resulted in a marked reduction of the blood sugar, the 
greatest reduction in each case falling in the range 0.09 to 0.20 
per cent. The other six pancreas experiments, as well as all the 
controls, showed a reduction of only 0.07 per cent or less. Only 
one of all the sixteen pancreas experiments had practically a 
negative result (LP77c), while only one of the controls showed 
anything resembling a positive effect (LPS83). 


DISCUSSION. 


Many investigators’ have recognized that the best evidence 
for the internal secretion theory of the origin of diabetes would 
be an antidiabetic effect of a pancreatic preparation, admin- 
istered parenterally. The experiments just described show that 
such a result has been obtained, since the reduction of hyper- 
glycemia is surely an antidiabetic effect, and the reduction of 
glycosuria is possibly partly of the same nature. The demon- 
stration of the actual combustion of sugar has not been attempted 
although the additional proof, while not absolutely essential, 
would be welcome. A favorable effect upon the glycemia and 
glycosuria has, however, been established and there remain only 
a few points to be considered. 

The reduction in glycemia is real, that is, it is not due to dilu- 
tion. The hemoglobin values, given in the protocols, indicate 
that this is the case; the same holds true for all the pancreas 
injection experiments, although this has not been recorded in 
Table V. Furthermore, that it is not an accident, a mere coin- 
cidence, is proven by the fact that it occurred to a marked degree 
in ten out of sixteen experiments, and to some extent in fifteen 
out of sixteen. The controls include only one with any effect 
and that an insignificant one—on blood sugar. In some cases 


13 See, for example, Hédon, E., Travaux de Physiologie, Paris, 1898, 
133. Pfliiger, E., Arch. ges. Physiol., 1907, exviii, 271. 
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the pancreas emulsion injection resulted in changing a pronounced 
hyperglycemia to a normal blood sugar. It is quite likely that 
more of these cases occurred than were discovered, because the 
blood samples were not taken at short intervals. 

No increased glycosuria occurred which could be said to account 
for the decrease in blood sugar. On the contrary, the elimination 
of sugar was decreased in every experiment except one, this being 
one in which the effect on the blood sugar was slight (Experiment 
LP75, Table V). The effect upon the urinary sugar generally 
lasted longer than that upon the blood sugar, but specimens of 
urine obtained by catheterization on the day following the injec- 
tion usually contained high percentages of sugar. This would 
indicate that if the injection of an organ extract decreases the 
permeability of the kidney to sugar by a toxic action, the effect is 
only temporary. Since in the controls a similar, but less marked, 
transitory reduction of the urinary sugar output was observed, 
it is evident that the mere reduction of glycosuria is no proof of a 
beneficial effect of any agent. Observations of other investigators 
may be cited in this connection. Murlin and Kramer® in one 
experiment found that an intravenous injection of a mixed boiled 
extract of pancreas and duodenal mucosa produced a marked 
fall in the sugar output of a diabetic dog, but that there was a 
rise in the blood sugar. Hédon' has shown that transfusion of 
normal blood into diabetic animals may result in a diminished 
output of sugar with little if any reduction of the blood sugar 
level. He assumes that the diabetic complex consists of two 
phases, of which the renal is the first to be affected by the internal 
secretion of the pancreas. Is it not possible, however, that the 
introduction of a foreign blood had a toxic effect on the kidney? 
In fact Hédon himself admits that cross circulation between two 
diabetic dogs also diminishes glycosuria. The same criticism 
applies to all blood transfusion and related investigations: '® in 


44 Hédon, E., Compt. rend. Soc. bicl., 1911, Ixxi, 124. 

46 Forschbach, J., Arch. exp. Path. u. Pharmacol., 1908-09, Ix, 131. This 
author united animals of the same litter (parabiosis) and later removed 
the pancreas of one, without causing more than a mild glycosuria. In 
one experiment (No. 5, p. 145) he reports a blood sugar of 0.32 per cent 
while the urine was sugar-free. 

16 Drennan, F. M., Am. J. Physiol., 1911, xxviii, 396. 
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which only the urine was examined. The same question might 
be asked regarding Scott’s work,‘ for he, too, used only the uri- 
nary output as an index of the action of his pancreatic extract. 

It must be emphasized that the beneficial effects of the pan- 
creas emulsion are not to be referred to sodium carbonate or any 
other alkali. No alkali was used in preparing the pancreas emul- 
sions. The extractions were made with water and the dilutions 
of the extract, or emulsion, with 0.9 per cent NaCl. The result- 
ing injection fluid was faintly acid to litmus. Our experiments, 
therefore, cannot be compared with Murlin and Kramer’s *:7 
because they always used an alkaline medium. The alkalinity 
itself is, according to these authors, largely responsible for the 
beneficial action of the various tissue extracts which they admin- 
istered. In our experiments, on the other hand, the favorable 
effect of the pancreatic emulsion must be due to some ingredient 
peculiar to it, because no alkali was used in its preparation, and 
because the other tissue emulsions, prepared in a similar manner, 
had no such favorable effects. 

The mechanism of the effect on the blood sugar may be con- 
sidered briefly. There are several possibilities, corresponding to 
the several hypotheses for the mechanism of diabetes. The 
author does not wish to enter here into an extended discussion of 
these hypotheses, but wishes to point out how the results of this 
investigation apply in each ease. For the ‘overproduction’ 
theory the injection fluid may be held to contain a substance 
which decreases the output of sugar by the liver. If one believes 
that, in diabetes, the cells themselves lack the power to burn 
sugar—-as many investigators do—it will be said that the pan- 
creas emulsion contains the substance which stimulates the cells 
to this activity, or the “‘amboceptor” (Allen) which enables the 
cells to anchor sugar to their protoplasm. 

Kleiner and Meltzer’? have indicated another explanation for 
some of the phenomena of diabetes; 7.e., a decreased permeability 
to sugar of the capillary endothelia and perhaps of other cells as 
well. Palmer’ has corroborated this by showing that the striated 
muscle of diabetic animals has a lower concentration of glucose 

17 Kleiner, I. S., and Meltzer, S. J., Proc. Soc. Exp. Biol. and Med., 


1914-15, xii, 58. 
18 Palmer, W. W., J. Biol. Chem., 1917, xxx, 79. 
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than that of normal animals, if the respective levels of blood 
sugar are taken into account. We have also reported that pan- 
creas emulsions enable diabetic animals to handle, in a nearly 


normal manner, large amounts of intravenously administered 
dextrose. This was taken to mean that the pancreas emulsion 
had restored the permeability, thus permitting the sugar tobe 
absorbed and taken care of in the normal manner. The same 
explanation may be applied to the present experiments. In other 
words the pancreas emulsion perhaps contains some substance 
which alters the permeability of the capillary walls, allowing the 
diabetic sugar to go through them into the tissues. Another 
factor which may come into consideration is the state of the 
blood sugar. The author has presented evidence!® that the 
diabetic blood sugar is in a combined or poorly diffusible state. 
This indicates a further difficulty presented to the diabetic organ- 
ism in its struggle to obtain sugar for its starving tissues. The 
enzymes present in the pancreas emulsion may be able to break 
up this combination setting free crystalloid glucose. This can 
diffuse readily through the tissues which at the same time have 
been rendered more permeable to it. This last possibility may 
be tested directly by the method already described.'® 

The question of the general toxicity of the extracts used requires 
a few words. It might be expected that an unfiltered tissue 
extract of this sort would produce grave symptoms when injected 
intravenously. This was not the case, however. The explana- 
tion seems to be that the extract was highly diluted and very 
slowly injected. In but few instances among the entire list of 
experiments was any depression or other unfavorable symptom 
observed, Furthermore, most of the animals received several 
infusions on different days and survived them. One dog died 
shortly after a pancreas emulsion injection, but death was appar- 
ently due to peritonitis. One control died a few hours after the 
injection of submaxillary emulsion, and another died of pulmo- 
nary edema 3 days after spleen emulsion had been administered. 

The fact that these pancreas emulsions lower blood sugar in 
experimental diabetes without causing marked toxic effects indi- 
cates a possible therapeutic application to human beings. It is 


19 Kleiner, I. S., J. Biol. Chem., 1918, xxxiv, 471. 
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true that the numerous attempts at pancreas therapy have been 
almost uniformly unsuccessful. However, the methods here- 
tofore used have not resembled the one used in our experiments. 
This method is based on certain principles, discussed early in 
this paper, and is extremely simple. It is possible that.the tem- 
porary effect which it produced in dogs might be duplicated in 
man and might be useful in certain emergencies. However, it is 
doubtful whether attempts along this line should be made until 
further knowledge has been obtained. It is important to know 
whether a filtered extract would be effective; and particularly 
whether an emulsion of the pancreas of another species would 
have its effect when injected into a diabetic dog. Other ques- 
tions also arise. Do such injections raise the respiratory quo- 
tient? Could other paths of injection and other animals be used 
equally well? Finally the search for the effective agent or agents, 
their purification, concentration, and identification are sug- 
gested as promising fields for further work. 


SUMMARY. 


Diabetic dogs were given intravenous injections of unfiltered 
water extracts of fresh pancreas, diluted with 0.9 per cent NaCl 
solution. The preparation was administered very slowly and 
usually resulted in a marked decrease in the blood sugar. There 
was no compensating increase in urinary sugar, but rather a 
decrease, which may be partly due to a temporary toxic renal 
effect. 

The result is regarded as further evidence for the internal 
secretion theory of experimental diabetes. 





CRYSTALLINE GUANYLIC ACID. 
By P. A. LEVENE. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 


(Received for publication, September 30, 1919.) 


The theory of the polynucleotide structure of the yeast nucleic 
acid has been receiving confirmation in recent years through the 
investigations of several workers. Levene,' Jones and Kennedy,? 
and Thannhauser and Dorfmiiller? have described crystalline 
mononucleotides obtained from yeast nucleic acid. The present 
communication contains a report on guanylic acid obtained in 
crystalline form. It crystallized in the form of long prismatic 
needles having the same appearance as guanosine. The substance 
had all the properties of guanylic acid. It gelatinized in the pres- 
ence of mineral impurities. A test for the presence of free phos- 
phoric acid was negative. It had no melting point but turned 
brown at 208°C. The optical rotation in water solution was 
la]p = — 7.5, and in a 5 per cént ammoniacal solution [a], = —43.5. 
On hydrolysis it gave guanosine or guanine sulfate depending on the 
conditions of the experiment. The free acid, when air-dry, crys- 
tallized with 2 mols of crystal water, and, when dried under dimin- 
ished pressure at the temperature of a toluene vapor bath to con- 
stant weight, still retained } mol of crystal water. The pure 
guanylic acid was converted into a crystalline brucine salt. 


EXPERIMENTAL. 


Crude brucine salt of guanylic acid was converted into the 
ammonium salt in the manner described in a previous publication.‘ 
The ammonium salt was dissolved in hot water. The resulting 


' Levene, P. A., Proc. Soc. Exp. Biol? and Med., 1917-18, xv, 21. 

2 Jones W., and Kennedy, R. P., J. Pharmacol. and Exp. Therap., 1919, 
xii, 253. 

’ Thannhauser, S. J.,and Dorfmiiller, G., Z. physiol. Chem., 1919, civ, 65. 

* Levene, P. A., J. Biol. Chem., 1919, xxxix, 77. 
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solution was acidulated, and the substance precipitated by means 
of neutral lead acetate. The precipitate was repeatedly washed 
with water, then suspended in water, and freed from lead. The 
resulting solution was again precipitated with neutral lead, and 
the process repeated once more. Finally the solution obtained 
on decomposition of the lead salt gave on concentration under 
diminished pressure a crystalline deposit. 

On drying under diminished pressure at the temperature of 
xylene vapor, the substance still retained } mol of crystal water. 











0.1084 gm. of the vacuum-dry substance gave 0.1274 gm. of CO: and 
0.0424 gm. of H,O. : 

0.1834 gm. of the substance used for Kjeldahl nitrogen estimation re- 
quired 24.45 ce. of 0.1N acid for neutralization. 
0.2757 gm. of the substance gave 0.0844 gm. of Mg»P.O;. 
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In 10 per cent hydrochloric acid the substance was optically 
inactive. In aqueous solution the rotation was 
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In 5 per cent aqueous ammonia solution the rotation was 
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Acid Hydrolysis of the Substance. 





2.0 gm. of the substance were dissolved in 20.0 ec. of 2 per cent 
sulfuric acid and boiled over a flame with a return condenser for 
1 hour. The substance was filtered and allowed to cool. Soon a 
crystalline deposit formed. This was filtered and recrystallized 
out of 5 per cent sulfuric acid. The substance was dried over 
night over sulfuric acid in a vacuum desiceator. 
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0.0905 gm. of dry substance gave 27.6 ec. of nitrogen gas at 7° = 25° C 
and P = 768. 
Calculated Found 
for (CsHsNsO)2HeSO,, 


per cent pér cent 
35.00 35.08 


Ammonia Hydrolysis. 


2.5 gm. of the substance were dissolved in 50 ec. of water con- 
taining 5 ec. of ammonia water, and the solution was made up 
to75 ee. It was then heated in a sealed tube for 4 hours at 135°C. 
On cooling, the contents of the tube practically solidified. The 
solid material was filtered on suction and the residue recrystallized 
twice out of water. The crystals had the characteristic appear- 
ance of guanosine. The yield of the recrystallized substance was 
0.6 gm. 


0.100 gm. of the substance employed for Kjeldahl nitrogen estimation 


required for neutralization 8.8 ec. of 0.1N acid. 


Calculated Found 
for Cc; »HisN Os 2H,0. 


per cent per cent 


ERE EEE eS Aor Oe Re ee eee 21.98 


The rotation of the substance was 


[a]? is — 0.66 X 100 = — 66.0 


Since this rotation was slightly higher than the one previously 
recorded (— 60.5), and since in the earlier work a less sensitive instru- 
ment was employed for the measurement, the rotation of a pure 
sample of guanosine was measured under exactly the same con- 
ditions as the sample obtained in the present work. The value 
obtained was 


[a]; = — 0.66 X 100 = — 66.0 


Brucine Salt. 


2 gm. of the crystalline guanylic acid were dissolved in water 
and neutralized by means of a solution of brucine in methyl 
alcohol. A crystalline deposit formed immediately. This was 
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filtered off and recrystallized out of a 35 per cent solution of 
alcohol in water. The air-dry substance contracted at 217° 
(Anschutz thermometer), melted into a brown liquid at 233°, and 
effervesced at 240°C. 





0.1000 gm. of the substance gave on combustion 0.1938 gm. of CO, and 
0.0558 gm. of H,O. 

0.2000 gm. of the substance gave 18.2 cc. of nitrogen gas at 7° 
and P = 759. 

0.300 gm. of the substance gave 0.262 gm. of MgeP2O;. 





Calculated Found. 
for CosHes NoOius 7H20 


per cent per cent 
52.61 52.85 
6.78 6.24 
9.88 10.41 
2.43 2.43 


The rotation of the substance in 35 per cent alcoho! solution was 


— 0.52 X 100 


—————— = — 2.0 
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A NEW STEROL. 
By TAKEO IKEGUCHI. 
(From the Medical-Chemical Institute of the Medical College of Osaka, Japan. 
(Received for publication, September 17, 1919. 


The sterols are probably contained in all cells, and there seems 
to be no doubt of their importance physiologically. Until now, 
however, the only property which has been conclusively proved is 
their antidotal effect toward the hemolytic action of the saponins. 

If we take into account the poisonous action of some of the 
sterol derivatives upon the tissues of the heart, the biological 
significance of sterol affords an interesting field for research. 

Whereas cholesterol, which is commonly found in animals, has 
received much attention, and its structure has been practically 
confirmed by Mauthner, Abderhalden, and especially by Windaus,1 

CHy 
>CH — CH: — CH: — CuBr 
CHy ro 
HC CH 
WX 
H:C CH CH-: CH; 
| 


H.C CH, CH 
~, Wz W4 


CH CH, 


be 
the other members of the sterol group, which occur in plants and 
fungi, have received but slight consideration. 

Several varieties of sterol have been isolated from fungi. 
Tanret? obtained ergosterin and fungisterin from ergot; and 
Zellner*® separated a sterol, with the formula CosHwO, from the 

1 Windaus, A., Ber. chem. Ges., 1912, xlv, 2421. 

* Tanret, quoted by Windaus, A., in Abkderhalden, E., Biochemisches 
Handlexikon, Berlin, 1911, iii, 309 

> Zellner, J., quoted by Fodor-Halle, A., in Abderhalden, E., Bioche- 
misches Handlexikon, Berlin, 1914, viii, 493. 
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toadstool. Up to the present, however, no one appears to have 
separated one identical sterol from different species of fungi, 
comparing it with other sterols and determining its structure. 
This is the reason for attempting investigation along this line. 

In an earlier treatise, the writer described a sterol-like sub- 
tance which he obtained from the Lycoperdon. During the 
course of the present research, he examined Collybia shiitake, from 
which he isolated another sterol in pure form. This he traced 
through Armillaria edodes, Hydnum asparatum, and Lycoperdon 
gemmatum. 


Method of Preparation and General Tests. 


100 gm. portions of each of the above mentioned fungi, dried 
as well as possible at room temperature, and then thoroughly in 
an oven at 70°C., were extracted with ether. The ether was then 
distilled, leaving in each case an oily residue, which soon coagulated 
into a cheesy mass containing the sought for crystals of sterol. 
The crystals were washed with petroleum ether and:alcohol, and 
then recrystallized from a hot solution of the latter solvent. Each 
batch of fungi, treated in this manner, vielded about 0.1 gm. of 
long, colorless, hexagonal crystals. 

All the crystals obtained gave the same color reactions. (1) The 
crystals were dissolved in chloroform; an equal volume of con- 
centrated sulfuric acid was then carefully added so as to form a 
separate layer. From the contact surface between the two layers 
the lower sulfuric acid layer gradually became blood-red, while 
the chloroform layer turned brownish blue, there being a distinct 
green fluorescence in both layers. (2) To a chloroform solution 
of the erystals a little acetic anhydride and two drops of 
concentrated sulfuric acid were added. The mixture became at 
first rose-red, then successively blue, and dark green. (3) The 
crystals were dissolved in acetic anhydride. On adding a few 
drops of concentrated sulfuric acid the mixture turned first rose- 
red, then violet, then blue, and finally green. (4) The crystals 
do not give the oxycholesterol reaction. 

Each of the above reactions is similar to the corresponding one 
for cholesterol. In the first test, however, where cholesterol is 


4Ikeguchi, T., Z. physiol. Chem., 1914, xcii, 257. 
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concerned, the coloration shown by the two layers is reversed. 
It resembles the cholestanon® reaction, but can be differentiated 
from the latter by the difference of color of the chloroform layer. 

The crystals obtained, as indicated above, by the extraction of 
the various fu igi are colorless and odorless and melt at 159-160°C. 
When exposed to the air for a long time or heated above 80°C., 
they become yellow in color. On ignition they emit an odor 
resembling that of isovaleric acid. They are readily soluble in 
ether, chloroform, and warm alcohol, with difficulty in cold aleohol 
and petroleum ether, and are insoluble in water. 

In solution the substance is levorotatory. The sample to be 
determined was dissolved in chloroform and the measurements 
were made with a Landolt polariscope, using a 2 dm. tube. The 
specific rotation of the substances obtained from each fungus was 
nearly the same 

Specific 
Name of fungus. rotation ({a}*). 
Collybia shiitake : se -129.4 
Armillaria edodes ; ; 129 23 
Hydnum asparatum.... Pes ' 129.55 


and the results obtained by analysis were also nearly equal. 


Weight of 
sample CO HO 
gm, ym, ym 


Collybia shiitake 0.1464 0.4402 0.1464 
Armillaria edodes 0.1086 0.3260 0.1110 
Hydnum asparatum 0.1568 0.4746 0.1556 


Name of fungus 


Found Caleulated (Cool 
Cc Cc 
per cent } " recent 
82.004 10.81 S1.S] 
S1.87 11.35 
82.02 10.95 


The vield of the substance obtained from the Lycoperdon was 
so small, owing to the difficulty of isolating it from other materials 
present, it could not be analyzed; however, there is no doubt that 
it is identical with others, agreeing with them in its crystal form, 
color reactions, and melting point. 


5 Diels, O., and Abderhalden, E., Ber. chem. Ges., 1904, xxxvii, 3099. 
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The sterol obtained probably occurs not only in the fungi above 
mentioned but throughout all classes of fungi, wherefore I shall 
name the compound mycosterol. 

According to the analytical results, mycosterol may be regarded 
as an oxidation product of stigmasterol,® and this, referring to the 
fact ascertained by Lifschutz that cholesterol is converted into 
oxycholesterol in the animal body, gives mycosterol an added 
interest. 

In order to ascertain whether mycosterol is capable of preventing 
the hemolytic action of saponin, an experiment was carried out 
following Hausmann’s method.” 5 ec. of an ether solution of 
mycosterol were gradually added with stirring to 5 ec. of saponin 
solution (0.1 gin. of saponin in 100 ce. of isotonie sodium chloride 
solution). The mixture was placed in an oven at 40°C. for 7 to 8 
hours, then at 30°C. for 1 to 2 hours, after which the ether evap- 
orated in vacuo. 1 and 2 ce. of the mixture thus prepared were 
added respectively to two 5 ec. portions of a floating solution of 
red corpuscles taken from arabbit. The phenomenon of hemolysis 
occurred to a small extent in 24 hours, while a similar blood 
solution to which the saponin solution only had been added showed 
complete hemolysis instantaneously. Another similar solution 
with cholesterol in place of the mycosterol showed no hemolysis 
at all even after 24 hours. 

This experiment shows that mycosterol, as well as cholesterol, 
is an antidote against saponin though its power is not so great. 

Digitonin’ Compound.?—Mycosterol was dissolved in boiling 
alcohol, and a 1 per cent alcohol solution of digitonin was added 
in excess until the mixture presented a slight turbidity. After 
standing for about 1 hour, crystals separated out which were 
filtered off, washed with alcohol and ether, and then recrystallized 
from methyl alcohol after adding a little water. The crystals 
melted at 242°C. with the evolution of gas. 

The crystals are soluble in pyridine, and with difficulty in 
acetone and benzene. They give the typical Liebermann-Burhard 
reaction which serves to show that the crystals are a compound 
of mycosterol! and digitonin. 

*Windaus, A., and Hauth, A., Ber. chem. Ges., 1906, xxxix, 4378. 


’ Hausmann, W., Beitr. chem. Physiol. u. Path., 1905, vi, 567. 
*Windaus, A., Ber. chem. Ges., 1909, xl, 244. 
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0.1320 gm. of substance (dried at 110°C.) gave 0.2998 gm. of COs and 
0.1034 gm. of H,O 
Found. Caleulated (CssHiyeOs0) 
Cc ii Cc i 


per cent per cent per cent per ¢ t 


61.94 8.70 62.119 8.64 


According to Hausmann and Abderhalden, a sterol, containing 
an hydroxyl group and a double-bond in its molecule, is capable of 
preventing hemolysis by saponin, and when the hydroxyl group 
is replaced by another atom or group, or linked with such an atom 
or group, as is the case in an ether, its action disappears. If the 
double-bond is saturated, its action becomes weaker than that of 
the initial material. Referring to this conclusion, mycosterol 
probably contains a free hydroxyl group, but does not contain a 
double-bond. To test these assumptions the following experi- 
ments were carried out. 

Acetylation.—In a small flask fitted with a condenser, 0.5 gm. 
of mycosterol and twenty times its volume of acetic anhydride 
were boiled gently on a sand bath for 5 hours. After standing, 
the crystals which precipitated out were filtered off, washed with 
acetic acid, and recrystallized from ether, melting at 169°C, 


0.1524 gm. of substance gave 0.4448 gm. of CO, and 0.1504 gm. of H.O. 
Found. Calculated (C22H»wOs) 
Cc H Cc H 
per cent per cent per cent per cent 


79.59 10.96 79.66 10.37 


Bromination.—0.123 gm. of mycosterol was dissolved in 5 ce. 
of ether and to this solution a bromacetie acid mixture was added. 
The ether was then allowed to evaporate spontaneously, leaving 
colorless needle-shaped crystals. The melting point, color reac- 
tion, and solubilities agreed with those of mycosterol; therefore, 
the crystals may be considered to be the unchanged mycosterol. 

It is evident from the above experiments that mycosterol 
contains at least one free hydroxyl group in its molecule, but does 
not contain a double-bond which can be tested by the methods 
above mentioned. 

With regard to the manner in which the other atom of oxygen 
is linked up in the molecule of mycosterol, there are several possi- 
bilities. Reasoning from the oxidation products of cholesterol, 
however, the carbonyl group or hydroxy! group 
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Sco OH 
CoHer< CyoH cK 
Non NOH 


is most probably to be taken into account. Since mycosterol, 
when treated with phenylhydrazine, does not form a phenylhydra- 
zone, it may be concluded that it does not contain the carbony] 
group for which this is a test. If the oxygen may exist as a car- 
bonyl group it should be in a state which cannot be readily acted 
upon by phenylhydrazine, as oxycholesterol, obtained by Mauth- 
ner® oxidizing cholesterol, does not readily form a phenylhydra- 





zone, though containing the carbony] group. 

0.5 gm. of phenylhydrazine hydrochloride and 0.5 gm. of sodium 
acetate were added to 1 gm. of mycosterol dissolved in warm 
alcohol. The mixture was heated for 1 hour on a water bath 
under a reflux condenser. Upon cooling crystals precipitated, 
which were filtered off by means of suction, washed with alcohol, 
and recrystallized from warm alcohol. The crystal form and the 
melting point were in agreement with those of mycosterol, and as 
the compound contains no nitrogen, it must be mycosterol itself. 

Oxidation of Mycosterol.—As has already been shown, mycosterol 
has one hydroxyl group, which is verified by the action of acetic 
anhydride. Therefore, if the other oxygen exists as a hydroxy] 
group, it must be in a form which cannot be detected by acetyla- 
tion, as is often the case with a tertiary alcohol group° The 
decision between the two possibilities can be made by examining 
the oxidation products of mycosterol. On treatment of mycosterol 
with chromic acid it yielded three different neutral crystalline 
products and an analysis of the substance of which the largest 
amount was obtained agreed with the compound Cy9H4sQs. 

5 gm. of chromic acid dissolved in 10 ee. of acetic acid were 
carefully added to 10 gm. of mycosterol which were suspended in 
100 ee. of acetic acid. The mixture was heated on a water bath 
until it was deep green. The resultant solution was poured into 
a diluted sodium chloride solution, the whole then extracted with 
ether. The ether layer was treated with sodium chloride solution, 
then with sodium hydroxide solution to remove acid substances. 
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®Mauthner, J., and Suida, W., Monatsh. Chem., 1896, xvii, 582. 
® Diels, O., and Abderhalden, E., Ber. chem. Ges., 1993, xxxvi, 3178. 
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The oily residue mixed with crystals formed on evaporation was 
washed with petroleum ether and benzene and recrystallized from 
acetone, melting at 188-189°C, 

This substance is soluble in acetone, alcohol, and chloroform, 
and insoluble in water. 


0.118 gm. of substance (dried at 105°C.) gave 0.3404 gm. of COs and 
0.1168 gm. of H.O. 
Found Calculated (CsoHasO 
Cc i Cc I 


per cent per cent per cent per cent 


78.67 10.99 78.94 10.53 


According to these results the oxidation product may be regarded 
as an additional product of one atom of oxygen and one molecule of 
mycosterol, for the number of carbon and hydrogen atoms remains 
equal to that in mycosterol. Considering the relation of the new 
oxygen toward the molecule, two possibilities may be suggested; 
namely, either that one of the groups containing oxygen in the 
molecule of mycosterol has been converted into a carbonyl group 
by the addition of one oxygen, or that a new group containing 
oxygen has been formed. 


/OH /COOH 
CsoHas OH CuHa< 
‘a NOH ‘OH 
Since the oxidation products are neutral, the former case is out 
of the question, and since the number of hydrogen atoms in the 
molecule of the new substance is equal to that of the original 
mycosterol, the hydroxyl group and the hydrocarbon group must 
have remained untouched. 

It is, therefore, reasonable to conclude that in the molecule 
of the oxidation product two out of three groups containing 
oxygen remain the same as in mycosterol, while the third is a 
newly formed hydroxyl group. To prove this point 1 gm. of the 
oxidation product was mixed with twenty times its volume of 
acetic anhydride and boiled gently on a sand bath for 5 hours. 
Upon cooling, water was added until the solution became a little 
turbid. Long needle-shaped crystals were precipitated which 
were washed thoroughly with a little ligroin and recrystallized 
from acetic acid, melting point 201-202°C. 
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0.1647 gm. of substance (dried at 105°C.) gave 0.4454 gm. of CO, and 
0.141 gm. of H,O. 
Found. Calculated (CseHsisOc 
Cc H Cc H 
per cent per cent per cent per cent 


73.92 9.3 74.22 9.27 


The substance which was obtained by treating the oxidation 
product with acetic anhydride is a triacetic ester as is shown in 
formula (1). 


PSM SEES ET 


From this fact it may be concluded that two atoms of oxygen 
in mycosterol are contained as hydroxyl groups and mycosterol 
may be a dihydroxyl compound and its oxidation product a 
trihydroxyl compound. 
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/OH OH 
CyoHas CyoHas—OH 
\ \ 
OH SOH 
Mycosterol. Oxidation product. 
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ON THE RELATIVE ACCURACY OF COLORIMETRIC AND 
TITRIMETRIC PROCEDURES FOR DETER- 
MINING NITROGEN AS AMMONIA. 


By E. R. ALLEN anv B. 8. DAVISSON. 


(From the Laboratories of Biological Chemistry, Washington University 
Medical School, St. Louis, and the Laboratories of Soil Technol- 
ogy, Ohio Agricultural Experiment Station, Wooster, Ohio.) 


(Received for publication, September 30, 1919.) 
INTRODUCTION. 


The problems arising in connection with investigations in the 
field of soil biology frequently are concerned with the fixation and 
transformation of nitrogen and require nitrogen determinations 
made with greater accuracy than is the case in most other lines of 
work. While engaged in this field of research, we carried out a 
considerable number of studies on nitrogen methods. Among 
other points studied, the comparative accuracy of the colorimetric 
and titrimetric procedures for the determination of nitrogen In the 
ammonium form have been investigated. 

In the matter of improvement and adaptation of nitrogen 
methods to particular fields of research, two workers, Folin in 
America and Mitscherlich in Germany, have been particularly 
active. Folin, working in the field of animal nutrition, has em- 
ployed both colorimetric and titrimetric procedures and favors the 
former, whereas Mitscherlich, studying the problems of plant 
nutrition, has adhered to the titrimetric procedure. Folin and 
Farmer' used a modified Nessler-Winkler reagent in such a way 
that as much as 1.5 mg. of nitrogen may be determined col- 
orimetrically without precipitation. By proper aliquoting, the 


quantity of nitrogen is kept below this amount. 
Methods of this type have found quite wide favor, and certain 
modifications have been proposed from time to time by Folin and 


! Folin, O., and Farmer, C, J., J. Biol. Chem., 1912, xi, 493. 
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his associates. On the other hand Mitscherlich and- Herz? used 
titration with + 0.02 N solutions with a surprising degree of accu- 
racy for amounts of nitrogen varying from 0.68 to 6.84 mg. How- 
ever, it was not clear from the papers of these two workers which 
procedure was the more accurate, and therefore the work reported 
below on the probable error of the two procedures, as computed 
by the method of least squares, was carried out. 


EXPERIMENTAL. 
Reagents and Solutions. 


Indicator Used.—The compound dimethylaminoazobenzene-o- 
carboxylic acid, or methyl red, is the most suitable indicator for 
the titration of weak bases as ammonia, and is extensively used 
atthe presenttime. It has rightly supplanted the use of alizarine 
red, Congo red, cochineal, and lacmoid. Its end-point is so sharp, 
even in the presence of ammonia, that if proper conditions are 
observed very dilute solutions are titrated with ease and accuracy. 

Titrimetric Standards.— Standard 0.02 ~ acid was prepared from 
pure sulfuric acid and carbon dioxide-free water, and standardized 
by the sodium carbonate method, which, according to Mitscher- 
lich and Meeres,’ is the most accurate. Standard 0.02 n alkali 
was prepared from sodium hydroxide and carbon dioxide-free 
water.* The titrations were made with the aid of 25 ec. burettes 
which were of regular 50 ce. length, but were correspondingly 
smaller in internal diameter, and were graduated to 0.05 ec.® 
These burettes were calibrated by the Bureau of Standards for 
20°C., and that temperature was maintained as nearly as possible. 

Analytical Standards.—Standard solutions of ammonia were 
carefully prepared from ammonium hydroxide and from am- 
monium sulfate. The former were prepared from concentrated 
c. P. ammonium hydroxide and neutral® distilled water, and the 


2 Mitscherlich, E. A., and Herz, P., Landw. Jahrb., 1909, xxxviii, 279. 
3 Mitscherlich, E. A., and Meeres, E., Landw. Jahrb., 1910, xxxix, 345. 
‘We have subsequently found that stock distilled water redistilled 
over acid permanganate is sufficiently pure for the preparation of standard 


solutions. 

5 These were obtained from Emil Greiner and Company, New York. 

6 The term ‘‘neutral water’’ as used in this paper refers to water neutral 
to methyl red. 
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exact strength determined by a series of titrations against the 
titrimetric standards. The ammonium sulfate standards were 
prepared from ammonium sulfate, repurified according to the 
directions of Folin. 

Nessler Reagent.—This reagent was prepared according to the 
directions of the Standard Methods of the American Public Health 
Association.” 


Nessler-Winkler leagent.—This reagent was prepared according 


to the original direction of Winkler’ and used according to Folin 
and Farmer,’ who made the observation that if the reagent is 
diluted just before use (5 cc. to 25 cc.) larger amounts of ammonia 
may be Nesslerized without precipitation. 

Colorimeter.—A study of the Kriiss polarization, and Schreiner, 
Wolff, and Duboseq colorimeters led to the adoption of the last 
named as being the most suitable for colorimetric work. The 
instrument used was of the standard French pattern. 


Probable Error of Nesslerization. 


In Nesslerization the error lies principally in the difference in 
the amount of color produced by the action of the reagent on the 
ammonia and in matching the unknown against the standard. 


7 Methods of water analysis of the American Public Health Association, 
Standard methods for the examination of water and sewage, Boston, 3rd 
edition, 1917, 16. 50 gm. of potassium iodide in a minimum quantity of 
cold water were treated with saturated solution of mercuric iodide until 
a slight precipitate persists permanently. Add 400 ce. of 50 per cent 
potassium hydroxide, clarified by sedimentation, and dilute to 1 liter, 
allow to settle, and decant. 

8 Winkler, L. W., Chem. Z., 1899, xxiii, 541. Hawk, P. B., Practical 
physiological chemistry, Philadelphia, 6th edition, 1918, 517. 


““Mercuric iodide. Scie ; 10 gm. 
Potassium “ “ee 5 poss — 
Sodium hydroxide . 20 
Water aon . 100 ce. 


The mercuric iodide is rubbed up in a small mortar with water, worked 
into a flask, and the potassium iodide added. The sodium hydroxide is 
dissolved in the remaining water, and the cooled solution is added to the 
above solution. After settling and decanting, the solution is kept in a 
dark bottle.” 

’ Folin, O., and Farmer, C. J., J. Biol. Chem., 1912, xi, 496 
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The former error can be reduced to a minimum by observing all 
possible precautions to keep conditions uniform, such as the amount 
of reagent, temperature, time of standing before comparison, ete. ; 
while the latter error may be decreased by increasing the number 
of readings. In all colorimetric work reported in this paper, six 
readings were made on each unknown and its standards. The 
error arising from matching of unequal column heights in the 
colorimeter was eliminated by preparing the ‘‘standard”’ and 
“unknown” of practically equal concentrations. 

The standard Nessler reagent was retained for use with amounts 
of nitrogen of 0.5 mg. per 100 ec." or less, since it is more sensitive, 
and in the presence of small amounts of nitrogen more stable than 
is the modification of Winkler." 

The Nessler-Winkler reagent was used according to the direc- 
tions of Folin and Farmer. 

By using these reagents with the above amounts of nitrogen 
and employing only redistilled water, there was not the slightest 
tendency towards the formation of cloudiness. The colors re- 
mained perfectly clear and manifested no tendency to precipitate 
even after several hours. The use of ordinary distilled water, 
freed from ammonia by bromine and caustie soda, for diluting 
the reagent and making the Nesslerized solution to the mark, as 
has been recommended by Folin and Denis," did not prove satis- 
factory, as there was some tendency for cloudiness to form on the 
addition of the reagent. 

For amounts of ammonia nitrogen of 0.5 mg. and less, using 
the standard Nessler reagent, the procedure was as follows: The 


The expressions ‘‘mg. N’’ and ‘‘mg. N per 100 ce.’’ used in this paper 
in connection with Nesslerization refer to mg. of nitrogen contained in 
the colorimeter solution: ¢.e., the solution after the addition of the Nessler 
reagent and dilution to the mark. 

"This is probably due to the difference in the proportions of the mer- 
curic salts and the potassium iodide in the two reagents. The sensitive- 
ness inereases with addition of mercuric salts and decreases by the addition 
of potassium iodide (see Olsen, J. C., Quantitative chemical analysis, 
New York, 5th edition, 1916, 412). Folin and Denis (Folin, O., and Denis, 
W., J. Biol. Chem., 1916, xxvi, 479) point out, however, that for satis- 
factory results with their modified reagent, it should contain more potas 
sium iodide than does the standard Nessler’s reagent. 

2 Folin, O., and Denis, W., J. Biol. Chem., 1912, xi, 534. 
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desired amounts of ammonia were measured into 100 ee. gradu- 
ated flasks from the ammonium hydroxide or ammonium sulfate 
standards by means of burettes. These solutions were then 
diluted to approximately 90 cc. with ammonia-free water, 2 cc. of 
Nessler’s reagent were added, and the solutions were made to the 
mark. After 15 minutes, portions of the solutions were transferred 
to the colorimeter cylinders, and the colors compared, as mentioned 
above. The standard was set at 40 mm. and three of the six 
readings were made after adjusting the unknown from above, and 
three after adjusting from below. 

For amounts of nitrogen equal to 0.5 mg. or more per 100 ce. 
requiring the Nessler-Winkler reagent, the procedure is the same 
except that the solutions are made to 70 ec. in the flasks, 25 ec. of 
the diluted reagent added; they are then made to the mark, and 
the colorimetric comparisons made against a 20 mm. standard 30 
minutes after adding the reagent. Six readings were made as 
described above. 

The desired amounts of ammonia nitrogen were obtained by 
using the following amounts of dilute solutions: 


No Solution. Normality 
mg. ce. 


0.10 10.0 nN /1,400 
0.50 50.0 N /1,400 
1.00 10.0 n /140 


For each amount of nitrogen, ten solutions (also ten standards" 
were Nesslerized. Although the probable error of a method should 
be obtained by employing the results from a great many deter- 
minations using the procedure involved, the order of magnitude of 
the error of the procedure can be shown by using ten typical 
determinations of the procedure studied. 

The probable error, r, of each individual observation is caleu- 
lated with the aid of the formula 

ly 


r= +0.6745 1. a’ 
n—l 


in which A indicates the deviation of each value from the mean, 
and n the number of observations. The results are shown in 


Table I. 


18 The ammonium sulfate solutions were taken as “standards,” the 
hydroxide solutions as ‘‘unknowns.”’ 
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The results show that the probable error increases with increas- 
ing amounts of nitrogen. This must unavoidably be the case 
since with the larger amounts of nitrogen the colors produced are 
intense, a low column height (+ 20 mm.) must be used in the 
colorimeter, and very slight differences in readings result in marked 
differences in the value found for mg. of nitrogen. 

Computations were next made to ascertain to what extent the 
errors in the colorimetric procedure as used lay in the readings 
themselves and to what extent in the color produced by the reagent. 


TABLE I 
Probable Error of Nesslerization. 


Nitrogen taken 
Determination No 


mg 
0.50 


Found 


0.106 0.468 972 
0.098 516 996 
0.102 oll .014 
0.102 497 013 
0.103 50S O04 
0.102 {89 995 
0.104 507 OOS 
0.105 AT6 962 
0.108 504 995 
0.106 AST 002 


\verage .. 0.103 496 996 
=(). 0019 +() 0107 0114 


r expressed as per cent ; 1.8 2.1 a 


As stated above, each colorimetric determination is the average of 
six readings, and of course possesses an error, that of reading the 
colorimeter. That is, if we designate the value obtained by the 
colorimetric determination by a and its error by e the correct 
value is equal toa +e. Ina series of determinations, we desig- 
nate these values by a; + €), dz + €2, 3 + €3...... Qn + €,. Where 
the values of a), a2, a3 are obtained by averaging a number of read- 
ings as was done in this case, the values of @;, és, ¢3, 7.e. the probable 
error R,, Rs, Rs of the average, may be computed with the aid of 
the formula 
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} BS a2 
R + (). 6745 sions 
\,, n—1) 


The values of FR; to Rs (¢; to es) were computed for a; to as of the 
determinations of 1 mg. portions, reported in Table I. The 
results appear in Table IT. 


Since the values obtained for 2, to Rs are in every case less than 
the value + 0.0114 obtained for the probable error of a set of 
determinations, it follows that the color produced by the same 


amount of nitrogen is not perfectly concordant in a series of 
determinations. 
The error in the colorimetric method for nitrogen then increases 


with increasing amounts of nitrogen, and is due in part to error In 


rABLE Il 
Probable Error 0} Arithmetical Mean of Colorimeter Readings on the Same 


Solution 


Determination N 
Reading 
+ Jo 


0.982 1.006 O06 
0.965 0.996 O15 
0.96] 0. 98S Oll 
0.982 1.001 025 
0.961 0.992 O11 
0.978 0.992 O15 


a; 0.972, az 0.996, as 1.014, as 1.013, a; 1.004 
R, +0.0028, R. =0.0018, R, +0.0016, Ry +0.0028, R 0.0019 


measurement, and in part to differences in the amounts of color 
produced by the reagent under the conditions of the determi- 
nations. 


The Probable Error of Titration. 

In order to avoid all error due.to the solubility of the glassware 
commonly employed as titrimetric flasks, well seasoned Pyrex 
glass Erlenmeyer (300 cc.) flasks were used in determining the 
probable error of titration. 

Standard ammonium hydroxide was run into the titration flasks 
from a burette, 25 cc. of 0.02 N acid were added, then sufficient 
neutral water was added to bring the volume to 100 cc., the con- 
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tents were boiled to expel carbon dioxide, and after cooling to 
10-15° the titration was completed, using 0.02 n alkali. The 
error reported here includes the error of the burettes, but since 
this is less than that tolerated by the Bureau of Standards, the 
errors reported in Table III are essentially attributable to the 
titration alone. 
TABLE III 
Probable Error of Ammonia Determination by Titration. 
Nitrogen taken. 
mg. | : me. 
0.100 0.500 


Found. 


0.101 502 
0.098 005 
0.093 505 
0.098 505 
0.093 510 
0.099 .508 
0.093 499 
0.101 508 
0.098 502 
0.0938 502 


Average eee |. 505 
a .. 0.0022 0022 
r expressed as per 
ESE 38 


The results of the two methods of ammonia determinations as 
summarized in Table IV show some interesting differences. 


TABLE IV. 


Nesslerization. Titration. 


| 
N: taken Probable error. | Error. Probable error Error. 


mg. mg | per cent mg. } per cent 
0.10 =(0).Q019 1.80 +0.0022 | 2.06 
0.50 | £0.0107 2.10 0.0022 0.38 
1.00 +0.0114 | 1.10 | £0.0035 0.35 


The probable error of Nesslerization is variable and tends to 
increase with increasing amounts of ammonia while that of 
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titration remains practically constant. For quantities of nitrogen 
above 0.50 mg. portions, titration must be considered more accu- 
rate than Nesslerization. With considerably less than 0.50 mg. 
portions of ammonia nitrogen, Nesslerization is slightly more 
accurate than titration. 


The Probable Error of Distillation and Titration. 


It sometimes happens that the ammonia in an unknown may 
be determined directly by Nesslerization, whereas in the case of 
the titration procedure, the ammonia must always be transferred 
by distillation (or aeration) to a measured amount of standard 
acid. Indeed Folin and Denis," and Folin and Bell have recently 
proposed a series of very convenient methods in which the nitrogen 
is determined directly by Nesslerization. Thus the question arises 
as to the error of titration plus the error of distillation. Accor- 
dingly the following series of determinations was carried out. 

The distilling apparatus used in estimating the probable error 
of distillation and titration has been previously described.'® This 
apparatus is of Pyrex glass with the exception of one close rubber 
connection which was found not to vitiate the results when working 
with very small amounts of nitrogen. While this type of appa- 
ratus is not recommended for general analytical work, it has been 
found excellent for the most careful work where small differences 
must be determined. However, by using the devices described 
elsewhere,” together with good block tin condensers, and the 
modified Benedict procedure of distillation'’ very accurate results 
‘an be obtained with small amounts of nitrogen. The results 
obtained on 1 mg. of nitrogen are reported in Table Y. 

The probable error of distillation and titration is of the same 


order of magnitude as the probable error of titration alone. In 


other words the error of titration and distillation on a 1 mg. portion 


4 Folin, O., and Denis, W., J. Biol. Chem., 1916, xxvi, 473, 491, 497, 
5O1, 505. 

% Folin, O., and Bell, R. D., J. Biol. Chem., 1917, xxix, 329. 

‘6 Allen, E. R., and Davisson, B. 8., Ann. Missouri Bot. Gardens, 1919, 
vi, 45. 

'7 Davisson, B. 8., J. Ind. and Eng. Chem., 1919, xi, 465. 

'8 Allen, E. R., Ann. Missouri Bot. Garde ns, 1919, vi, 23 
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is less than that accompanying direct Nesslerization of an equal 
amount. 

Although no data are included here for larger amounts of 
nitrogen, the probable error remains almost constant in absolute 
value and decreases in percentage with larger amounts of nitrogen. 
Considerable data on more complicated apparatus and with larger 
amounts of ammonia nitrogen showed but little greater error.'® 


rABLE V. 
Probable Error of Distillation and 7 tration 
Nitrogen taken, 


mg 
100 


Found 
1.005 
0.996 
1.010 
0.998 
1.013 
1.002 
0.996 
1.007 
1.005 
L.005 
. 1.0037 
=). OO3S 


Preparation, Preservation, and Use of 0.02 ~ Solutions. 


Since more precaution must be taken in the use of 0.02 N solu- 
tions than is usually observed in volumetric analysis, it seems 
worth while to record at this point the procedures which, after 
extended trial, have proved satisfactory. 

As an acidimetric standard we have found sodium carbonate 
satisfactory from the standpoint of convenience and accuracy. It 
has the advantage that the standardization is carried out under 
conditions practically the same as are encountered in the regular 
work. 


19 Allen, E. R., J. Ind. and Eng. Chem., 1915, vii, 521. Davisson, B.S., 
Allen, E. R., and Stubblefield, B. M., zhid., 1916, viii, 896. Davisson, 
B.S., cbid., 1918, x, 600; 1919, xi, 465 
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The sodium carbonate is prepared from pure sodium bicarbonate 
by heating to 270-300° in platinum until constant weight is 
obtained. The bicarbonate is easily prepared in a high degree of 
purity, either by recrystallizing of a high grade product,’ or by 
carbonating a filtered concentrated solution of normal carbonate. 

It has been our practice never to prepare solutions exactly 0.02 Nn. 
The volumetric adjustment of large volumes of solutions is not 
entirely trustworthy unless the final solution is restandardized. 
Where logarithmic computations are used nothing is to be gained 
by having the solutions of an exact fraction of normality unless 
perhaps when they are used for a variety of purposes. Moreover, 
in the process of standardization no attempt is made to weigh 
out an exact amount of a molar weight of sodium carbonate, since 
such a procedure is inconvenient and, because of the prolonged 
exposure of the powdered material to the air, is likely to be 
inaccurate, 

20 or 25 cc. portions of approximately 0.02 N acid are titrated 
each time. -The sodium carbonate equivalent to such quantities 
of solutions is a rather small amount to weigh with extreme 
accuracy. This difficulty is, however, readily avoided by the 
method of aliquoting which has been recommended by Eastlack.”! 
The strength of the acid is expressed as its nitrogen titer; i.e., its 
nitroge n equivale nt in git. (Or mg.) per ee. The computation is 
easily made with the aid of logarithms. 

It has been our practice to prepare 8 to 10 liter portions of 
solutions at one time. The reservoir bottles are provided with 
soda-lime guard tubes and the solutions are supplied to the burettes 
preferably through siphon tubes of Pyrex glass. The acid solution 
does not change strength appreciably on standing. In Table VI 
are given the results of change in concentration of a solution of 
approximately 0.02 N H.SO,. The original volume was 8 liters. 

The sodium carbonate was in all cases prepared from Kahl- 
baum’s bicarbonate “Zur Analyse.”’ In Standardization I the 
bicarbonate was recrystallized, while in the subsequent standard- 
izations this step was omitted. The variations in the first four 
determinations are insignificant. The higher value reported in 

20 Olsen, J. C., Text-book of quantitative chemical analysis, New York, 


5th edition, 1916, 259 
21 Fastlack, H. E., J. Am. Chem. Soc., 1918, xl, 620 
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the last standardization may have been due to the fact that when 
the standardization was made, less than 1 liter remained in the 
bottle, and the walls of the bottle were covered with water which 
had vaporized and condensed.” The maximum variation, how- 
ever, between the lowest and highest value in the above standard- 
izations amounts to only 0.0018 mg. of nitrogen per 1 ec. or 0.045 
mg. per 25 ce. of acid, an error therefore of less than 1 per cent, and 
which may be disregarded except.in the most exact work. Another 
large bottle of acid, which had been in use for a little over 11 
months, showed a nitrogen titer of 0.2835 mg. at the beginning 
and 0.2850 at the end of this period. 

The question of the deterioration of + 0.02 Nn alkali solution 
was also studied. In Table VII are given the results of the deter- 
minations at different intervals. 

TABLE VI 


Standardizations of Approximately 0.02 N H.SO,. 


Standardization No. | Date Nitrogen titer 
| 
| 


I Nov. 19, 1917 0.2825 
I] “ 3, ; 0.2827 
Il] Dee. iz, “ 0.2833 
IV Jan. 23, 1918 (). 2833 
V Mar.26,. “ 0.2843 


Irom this it is seen that the change in strength of the alkali 
solution in 1 month is quite appreciable. It has become our 
practice to check the alkali solution every week. No attempt has 
been made to prepare or keep the alkali exactly equivalent to the 
acid since the ce. of alkali obtained in any titration is readily 
converted into cc. of alkali exactly equivalent to the acid with the 
aid of the equation. 


ee. of alkali ee. of acid 
Log « log A log - . or + log r 
ec. of acid ec. of alkali 


where ¢ = ce. of alkali of exactly the same strength as the acid 
, —_— :' ec. of alkali 
and A = the observed ec. of alkali. Che ratio - - . 
cee. of acid 
is, of course, determined in previous titrations. 


*2 It has subsequently been found that a layer of white paraffin oil on 
the surfaces of the solutions prevents loss from evaporation. 
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In the use of 0.02 N solutions certain precautions are naturally 
necessary which may be disregarded in the more concentrated 





solutions. We have found that neglecting any of the following : 





measures introduces an appreciable error. 





1. The volume of solution in the titrating flasks should be kept 





small and constant (7.e. within 100 to 125 ce.), and should be well 






cooled and free from carbon dioxide. This procedure reduces the 





error from the hydrolysis of the indicator salt to a small and t 





constant magnitude, and insures a sharp and certain end-point. 






2. An approximately constant amount of standard acid should 





be used in each titration in order to avoid any “salt effect’? on the 





indicator. Thus, if the ratio between the acid and the alkali is : 





established on 25 ec. portions and 50 ce. of acid are used in a deter- 





mination, a slight error is introduced. 







TABLE VII 








Change in Strength of = 0.02 N Alkali. 





Alkali equivalent to 25 ce. 
of acid 







Determination No. Date 










Nov. 9, 1917 







SL A ER IRE IT Ri ge 


| l | ec. ] j, “i 25 5D 
1] Jan. 16, 1918 25.47 
L\ oe 1. * 25.3 








Mar. 20, “ 25.16 








3. Standard solutions must be properly prepared and _ their 
strength determined in the dilution in which they are finally used. 
4. Solutions which have stood 12 hours or more in the 






burettes must be discarded. 
5. The titration flasks must be of practically insoluble glass. 





Pyrex glass is the only material (except transparent quartz) 






which we have found to be entirely satisfactory. 









DISCUSSION. 






From the results reported above, which represent it is believed 
a fair measure of the relative accuracies of the titrimetric and 
colorimetric methods for determining ammonia, it seems that the 
latter are slightly more accurate. Both types of determinations 






have been made, it is true, under conditions more nearly ideal than 
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one can attain in general practice, yet the conditions described 
for accurate titrations may be more nearly attamed than can those 
for satisfactory Nesslerization. Titrimetric procedures have the 
added advantage over the colorimetric in that they are applicable 
to a wide range of nitrogen values, and hence by a regulation of the 
size of the sample the error due to aliquoting may be kept smaller. 
For example, if we have a quantity of material for analysis con- 


es ° . 1 . ° 
taining 10 gm. of nitrogen, jpo9 of the material would be taken 


for the determination by the colorimetric procedure. If our read- 
ings show 1.00 mg., the value is obviously 1.00 + 0.0114 mg., and 
the amount of nitrogen in the material sampled would be between 
the limits of 10.114 and 9.886 gm. Only the first digit to the right 
of the decimal would be of any significance. On the other hand, if 
the titrimetric method is used, x05 of the material may be taken 
for analysis. If our determination shows a value of 5.000 mg., the 
true value is 5.000 + 0.0038 mg., and our final value lies between 
the limits 10.008 and 9.992, in which case the first digit to the 
right of the decimal is significant, the second doubtful, and the 
third of no significance. Expressed in another way the error in 
the colorimetric and titrimetric procedures would be under the 
best conditions 0.228 and 0.015 gm. respeetively. 

The disadvantage of the colorimetric determination of ammo- 
nium nitrogen is that the reaction involved is imperfectly under- 
stood, and it is not surprising, therefore, that inspite of the different 
modifications of the Nessler reagent which have appeared, the 
appearance of clouds and precipitates cannot be avoided with 
certainty by different workers. 

Aside from this point, it is our opinion that the colorimetric 
methods are, even under the best conditions, more subject to 
personal error than are volumetric or titrimetric procedures. The 
accurate measurement of color is a more elusive and difficult opera- 
tion than is generally believed and many colorimetric procedures 
are quite faulty in theory. 

Some of the more G6ommon sources of error will be briefly con- 
sidered. One which may become quite appreciable in routine 
colorimetric work (but which was avoided in the determinations 
reported above) is that due to unequal column heights, especially 
if the procedure of setting the standard at a definite height and 
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adjusting the unknown is too rigidly followed. The fact must 
not be lost sight of that the ordinary equation of colorimetry 
. = . he 
Te hy 
is based on the incorrect assumption that the solvent has no effect 
on the passage of light. If this error is reduced to a negligible 
magnitude either by the preparation of a large number of standards 
or by the serupulous filtering of all solutions, as has been recom- 
mended by Kriiss and Kriiss® for colorimetric procedures in gen- 
eral, then the procedure becomes distinetly time-consuming. 

it is of interest to note in this connection that Dehn* in a recent 
paper on “Fallacies in colorimetry,’’ after pointing out the un- 
soundness of many existing procedures, concludes that in Folin’s 
method of creatinine estimation, by way of illustration, there are 
twelve probable sources of error. A similar array also exists in 
the colorimetric determination of ammonium nitrogen. These 
fundamental errors of colorimetry probably account for the skep- 
ticism with which many chemists are inclined to view colori- 
metric procedures. 

In view of these points we have therefore adhered to the titri- 
metric procedures in our work on nitrogen methods. 

While the colorimetric procedures for the determination of 
nitrogen have been of great service because of their brevity, if 
should be recognized that except when dealing with amounts of 
nitrogen less than a few tenths mg., titrimetric methods are capa- 
ble of greater accuracy and should be chosen where exact results 
are required. 

‘Kriiss, G., and Kriiss, H., Kolorimetrie und quantitative Spek 
analyse in ihrer Anwendung in der Chemie, Hamburg, 1909, 31 

44 Dehn, W. H., J. Am. Chem. Soc., 1917, xxxix, 1392, 1399. 








; 
: 
f 
7 
7 
: 
> 
. 
- 
th. 











A STUDY OF CREATINURIA IN INFANTS. 








I. RELATION OF CREATINURIA TO ACIDOSIS. THE ELIMINATION 
OF INGESTED CREATINE AND CREATININE. 













By JAMES L. GAMBLE anon SAMUEL GOLDSCHMIDT. 








From the Laboratory of the Department of Py diatrics, and the Hunterian 
Laboratory of Experimental Pathology, Johns Hopkins University, 


Baltimore. 








Received for publication, August 2, 1919 4 






Creatine apparently never appears in the urine of a normal 
adult male in appreciable amounts. Normal women! excrete ere- 
atine periodically, while infants and children’ exhibit a creatinuria 
regularly on normal diets. Creatine metabolism must, therefore, 















be studied in both sexes, and at different stages of growth, if a 





complete set of facts regarding the processes concerned is to be 





obtained. We have undertaken to put to experimental test in the 






male infant certain factors supposed to bear relation to ereati- 





nuria. We have also made measurements of the elimination of 





ingested creatine and creatinine by infants, there being no quan- 


TO IO ter 
ees : 





titative data at hand on this point at this age. 







Me thods. 







The subjects used for the experiments described in this and the 
succeeding paper were infants obtained from a well conducted 





home for foundlings. One of them, Subject G, was a normal 





infant. The others failed to come up to the specifications for 






normal infants only in the respect that they were more or less 





underweight. There was in no instance a history of recent nutri- 






tional disturbance, or, during the experimental periods, symptoms 






‘Krause, R. A., Quart. J. Exp. Physiol., 1911, iv, 293. Rose, M.S., J. 
Biol. Chem., 1917, xxxii, 1. 

2 Rose, W. C., J. Biol. Chem., 1911-12, x, 265 Folin, O., and Denis, 
W., ibid., 1912, xi, 253 
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of malnutrition. They all mace moderate or rapid gains in 
weight on the experimental diets. The diet was in all cases 
cow’s milk, the various modifications of which, as regards the 
protein, butter fat, and lactose content, are indicated in Tables 
I and II. The quantity of food given was carefully measured 
and all of it was taken. There was always a foreperiod of sev- 
eral days on the experimental diet before the collection of urine 
specimens was begun. 

The urine collection periods were of 2 or more days duration. 
The infant during this time was immobilized by means of a com- 
fortably arranged metabolism frame. ‘The urine was preserved 
with 5 per cent thymol in chloroform. The bottle receiving the 
urine was stoppered and shaken every 4 hours to insure thoreugh 
disinfection, and at the end of 12 hours was replaced by a second 
bottle and put in an ice box. The regularly close agreement of 
the day to day figures indicates the quantitatve collections 
obtained. 

Creatinine and creatine were determined by the methods of 
Folin.* Conversion of creatine was obtained by autoclaving the 


urine samples, 5 to 10 ec., at 130° for 18 to 20 minutes with 1 ce. 


of nN hydrochloric acid. The acid was neutralized by adding an 
equivalent of 10 per cent sodium hydroxide before developing the 
color, ‘Total nitrogen in milk and urine was determined by the 
Kjeldahl method. The factors of acid excretion in the urine, 
hydrogen ion concentration, titratable acidity, and ammonia, 
were measured as directed by Palmer and Henderson.* 


Re lation of Acidosis lo (reatinuria. 


One gathers from the literature the impression that acidosis 
stands accepted as a cause of creatinuria, or, at least, as a factor 
in its production. It is our belief that the presence of an actual 
acidosis has been in most instances only a matter of inference, 
and, furthermore, that in conditions where acidosis and creati- 
nuria undoubtedly do occur together evidence of a causal relation- 


ship is lacking. 


* Folin, O., J. Biol. Chem., 1914, xvi, 469. 
‘Palmer, W. W., and Henderson, L. J., Arch. Int. Med., 1913, xii, 153. 
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Krause and Cramer,’ in 1910, pointed out that creatinuria 
occurs in all conditions which lead to an acidosis. They cited 
chiefly the creatinuria of starvation and of diabetes. At that 
time, however, the fallacy of regularly inferring an acidosis from 
the presence in the urine of ketone acids was prevalent. Since 
we know now that production of ketone acids is only occasion- 
ally of such degree as to cause an acidosis it is obviously 
incorrect to regard the occurrence together of ketonuria and 
ereatinuria as proof of the relation of the latter to acidosis. 

Underhill® has published results of experiments with rabbits, 
designed to show a relation between creatinuria and diets which 
produce an acid urine. An acid urine was produced by giving 
the rabbits a grain diet composed of corn and oats. On this diet, 
ereatine was regularly found in the urine. When carrots were 
given, instead of the grain diet, creatine was found in the urine in 
greatly diminished quantity, or was absent. Underhill con- 
sidered these results as proof of a relationship between creatinuria 
and acidosis. The presence of acidosis ‘‘ was considered indicated 
when the urine of the rabbit became strongly acid, as shown by 
determination of the hydrogen ion concentration. . . .  . In 
the sense of the term acidosis as used here, that is, a condition of 
alkali depletion, the assumption given above is undoubtedly cor- 
rect since ordinarily the rabbit secretes urine which is strongly 
alkaline.”’ Since rabbits cannot provide the base ammonia in 
compensation for an unusual acid production, it is probable, 
though not definitely proven by the acid urine, that the rabbits 
Underhill experiment d with did develop an acidosis. 

From the well established facts in regard to the process of acid 
excretion In man, it is absolutely incorrect to assume a depl tion 
of fixed alkali from an unusually acid urine. ‘The neutrality 
mechanism in man is remarkably extensible and is capable of 
neutralizing and conveying into the urine unusually large amounts 
of acid without disturbance of the acid-base equilibrium within 
the body. The gross adjustment for an unusual acid production 
is an increase in production of ammonia. The fine adjustment, 


by means of which the reaction of the blood is maintained at the 


Krause, R. A., and Cramer, W 


Underhill, F. P., J. Biol. Chem., 1916, xxvi, 127, 141 
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entirely 
phosph: 
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Creatinuria in Infants. I 
pH is managed by excretion of the phosphates in correct 
amounts. Slight variations in acid production may be 
compensated by variation in the relative amounts of the 
ites excreted, the ammonia factor remaining stationary. 
dity of the urine on normal diets may, for this reason, 


vary widely, the pH being frequently as great as when acidosis is 


present. 
urine a 


It is therefore impossible to obtain from the pH of the 
dependable indication of the presence of an acidosis. 


It is equally incorrect to assume that diets containing an un- 


usually 
the pro 
dosis. 


depletio 


large amount of acid-producing elements, or which lead to 
luction of abnormal acids, will necessarily cause an aci- 
Acidosis cannot safely be considered indicated unless a 
n of the fixed alkali of the blood has been demonstrated. 


Denis and Minot? have been able to obtain with women subjects 


an CXcre 


‘tion of creatine by giving diets unusually high in protein; 


which necessarily contain a large quantity of acid-forming ele- 


ments. 
to this 
This res 


They have found that the addition of sodium bicarbonate 
diet produces no appreciable effect on the creatinuria. 
ult shows very clearly that a wide variation in the acid- 


base value of a diet may bear no relation to creatine excretion. 


We h: 
by addi 


ive thought it worth while to illustrate this point further 
ng acid or base to the food of infants. The results of 


these experiments are tabulated in Table I. We present the 


results ¢ 
echlorie a 
during t 
the fact 


f a single experiment in which 100 cc. of 0.1 N hydro- 
eid were given to an infant inits food,in divided amounts, 
he course of 24 hours. ‘There is a well marked effect on 
ors concerned in acid excretion during the day the acid 


was given, and also on the day following. ‘The value for creatine 


excretiol 
FAVE SOl 
find a el 

We ha 
in which 
acidosis. 


male chi 


> Sawve 


191S, xv, 


the fixed alkali of the blood by giving a high fat and low carbo- 





7 Dx nis, 


1 remains the same as during the control period. We 

lium bicarbonate freely in several instances, Lut did not 

lange in the quantities of creatine eliminated. 

ve been able to find a record of but one set of experiments 

creatine was measured in the presence of a demonstrated 
Sawyer, Stevens, and Baumann,’ using as subjects 


ldren, were able to produce quite regularly a depletion of 
! | an) A 


W., and Minot, A. 8., J. Biol. Chem., 1919, xxxvii, 245. 
, M., Stevens, F. A., and Baumann, L., Am. J. Dis. Child., 


R 
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hydrate diet. They found in all their experiments that during 
the period of acidosis there was a well marked increase in the 
excretion of creatine. They were also usually able to obtain 
a lowering of the bicarbonate of the blood by giving a low calorie 
diet, with nearly always an increase in creatine excretion. 
They found, however, in three instances an increase in creatine 
excretion on the low calorie diet without a reduction of blood 
bicarbonate. Their results suggest a relationship of acidosis to 
creatinuria. Such an inference cannot, however, be drawn with 


certainty because of the wide variation in the diet of factors other 
than those related to acid production. The authors themselves 
express their belief that the creatinuria was not due to the acidosis 


per se. We would suggest that the increase in creatine excretion 
may have been due to an abnormal protein metabolism, caused, 
in one case, by an inadequate intake of protein and, in the other, 
by the absence of the protein-sparing effect of carbohydrate. As 
compared with its value on the normal control diet, the nitrogen 
in the urine was relatively high during the low calorie periods and 
absolutely high during the high fat intake periods. 

We would say in conclusion that variations in the acid-base 
value of normal diets cannot possibly bear relation to creatinuria 
in man for the reason that they are never of sufficient magnitude 
to disturb the normal acid-base equilibrium within the body. As 
regards the relation to creatine excretion of acidosis produced by 
abnormal diets, we do not find in the literature satisfactory evi 
dence indicating acidosis per se as a factor concerned in causing 


or Increasing creatinuria. 
The Elimination of Inge sted Creatine and Creatinine 7) Infar is, 


It is well established by the original investigations of Folin® 
and of Klereker'® that large amounts of creatine may be ingested 
by adult men with a failure of creatinuria. Moreover, doses of 
creatine, which fail to produce creatinuria on a low protein diet, 
cause a creatine output on a high protein intake. Only a 
small percentage of the ingested creatine appears in the uring 


®Volin, O., Festschrift fir Olof Hammersten, Upsala, 1996. 
wWaf Klercker. K. O.. Beitr. Chem. Physiol. u. Path., 1996. v 
Bior hem Zz is 1907, 111, 45. 
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in any case, and for the most part, the ingested nitrogen remains 
unaccounted for in the urine. 

Mellanby" suggested that the resuics given above may be due 
to the action of intestinal bacteria in destroying the ingested 
creatine. In fact, Twort and Mellanby™ have isolated a bacillus 
from the human feces which destroys creatine. Hence, according 
to these authors, in cree*ine-feeding experiments this factor must 
be taken into account. While the validity of this observation 
cannot be denied, it must be pointed out that according to more 
recent investigations, in which the creatine is introduced parenter- 
ally, the original contention of Folin and of Klercker is confirmed. 
Lyman and Trimby" find that 76 per cent of the creatine nitrogen, 
injected subcutaneously into man, remains unaccounted for in 
the urine. Meyers and Fine,‘ and Rose and Dimmitt," after in- 
gestion, as wellas Lyman and Trimby® after injection of creatine, 
believe that they found an increased output of urinary creatinine 
which they attribute to converted creatine. In this finding 
they stand in opposition to the results of Folin’ and of Klercker.!° 

When creatinine is fed to adult men, observers are agreed that 
greater amounts are eliminated than is the case with creatine. 
Folin’ and Rose and Dimmitt’ report recovery of 80 per cent of 
the creatinine ingested. 

Krause!® investigated the fate of exogenous creatine in two 
girls (aged 6 and 11 years), and two boys (aged 5 and 8 years); 
the older of each sex was not excreting creatine. He finds that, in 
children, relatively small amounts of creatine (0.3 to 0.35 gm.) lead 
to an increased creatinuria if one already existed, or to a creati- 
nuria where there was none previously. The author concludes 
that in children the power of ‘‘assimilating”’’ creatine, if measured 
in absolute amounts, is less developed than in adults. Further, 
this is true even when the power of ‘‘assimilating’’ creatine is 


calculated per kilo of body weight; and the younger the child the 


less ingested creatine can it retain. 


i NMellanby, E., J. Physiol., 1907-O8, xxxvi, 447. 

 Twort, F. W., and Mellanby, E., J. Physiol., 1912, xliv, 43. 

18 Lyman, J. F., and Trimby, J. C., J. Biol. Chem., 1917, xxix, 1. 

“44 Meyers, V. C., and Fine, M. S., J. Biol. Chem., 1915, xxi, 377. 

16 Rose, W. C., and Dimmitt, F. W., J. Biol. Chem., 1916, xxvi, 348. 
6 Krause, R. A., Quart. J. Exp. Physiol., 1914, vii, 87. 
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The investigation to be presented herewith was instituted in 
order to test the effect of ingested creatine upon the creatinuria 
of infants, not only because of the interest attached to the data 
thus obtained, but also since they are necessary in connection 
with results presented in the paper which follows. 

Both subjects used were of the male sex and creatine was a 
constant urinary constituent. The creatine and creatinine 
administered were dissolved in the total amount of milk to be 
fed during the day. Hence, the subject received but a small 
amount of creatine or creatinine at each feeding. 

The creatine was a pure preparation free from creatinine and 
contained 1 mol of water of crystallization. The amounts noted 
in the protocols, however, are calculated as anhydrous. The 
creatinine was likewise a pure preparation isolated from urine. 


EXPERIMENTAL. 


In the experiments detailed in Table II, it is apparent that even 
on a low protein diet (I-xperiments 1 and 5), from 12 to 16 mg. 
per kilo, or an absolute amount of SS mg., suffice to cause an in- 
creased urinary creatine. No attempt is made to determine the 
least amount of ingested creatine which would lead to such an 
increase, but indications are that it would be very small. 

As regards the completeness of excretion, it will be noted that 
in Experiments 1, 2. and 5, on a low protein diet, 24 to 34 per cent 
of the ingested creatine is recovered in the urine during the first 
24 hours. It must be recalled that, in these experiments, the 
creatine administered was mixed with the food and given through- 
out the day with each feeding. As a result it is found that the 
urine of the 2nd day still contains extra creatine. Hence, if the 
total extra creatine excreted in 2 days is calculated, we obtain 
figures of from 35 to 58 per cent. 

In Experiment 3, the subject is on a high protein level. The 
afterperiod is considerably lengthened in order to study more 


completely the lag in creatine excretion. In this experiment, 
taking the 1 day foreperiod as the normal output, in the first 24 


hours there is an extra excretion of 52 per cent of the creatine 
ingested. Moreover, it will be seen that the urinary creatine 
continues to be high for at least 3 days after the day of feeding. 











Infants. 


1 in 


. 
‘ 
< 


= 
— 
— 
_— 
— 
_ 
— 


Creat 


}u90 Jed F¢ 
P2e}d10Xe 


jo 


jo 


c 


}ua0 sod yr - 
P9}910x90 


jo 


Ai 
ou 


lod 1c sABp 
[PIO], 
‘VUTY BILD PojsoBur jo 


PdIJATON ; IUTJVOALI =BAYXG OI OOL 


‘SU 0G ABp 4s]T uo 
oul) Bad 


1920 


BAYNY “OUT BOI 


"us pooy ut polaystuluipy — Za] 


“IOUT BM 

| sOIp 
{ urloyoid Mor 

“UIBOID JUDD dod t= , I 


/ 


980798] 


OUT} BID PoysoBut 


‘Sul I = 


}uad s9d ce sABp 


UL peoal0xX9 OUT}PBAIO BayXxe [VIOT, | ZR 


‘OUIPBIID Poysodur Jo 
“DU FZ A 


aG 


p 4s. uo 


JUTL BILD BAX] “OULY BOLO 


“mUs RRND poo} ut Palo stulUIpy | GG 
‘yUsUTLIadXa Jo sXup 


SULINpP 9uo0ja0R poureyuod = oul 


"197 BM ) jap 
“MIBIID YUBO Jad g] urayoad MOTT ; YET 
/ bua 


Ta 


ub 


o9B ‘ry yook 


‘W1q 


syiBui YY 


eulyg 


‘9UlUUDILD pup auyvoasy fianurs ) 


TT WIV 


. ner ene nadio Pate serenasretae nie ton renin esr soes 
ee TR vv <= 2 SAR AO RENAE SH. EN asm a ee 


uodn PULULUDIL ) pup 


ys AA 


PULDIA) Pops 


une’ 


une 


vuny’ 


Guy fo }09{ 


a1eq 


~ 
j 
} 


d 


‘potiod 


[Byu xy 


‘pou Te! 
[O1} U0, ‘ 


, 


G 


‘potsod 
[By UoWLIadx | 


‘potiad 
[O1jUO>y 
I 


ON JowNedx 7] 





L. Gamble and S. Goldschmidt 


of 


ested 
In 
I 
in 


Oo 
— 


in 
i 
cent 


of 
excreted 
per 


exer ted 


excrete ad 


milk. 
62 


1c, 


atine 
ed creatinine 


whole 

136 m 

io per cent 
mg 


re 
creatinine 


pore st 
124 
ingested creatinine. 


1¢ 
193 m 
ingested creatine. 
oti 
tal extra 
days 


vr 
Total extra ere atine exereted in 2 days 
Oo 


High protein 


Admini 
7] 


124 
LSI 


10 








Hl 
| 
: 


| 


Control 
pe riod 
period, 
‘ontrol 
period 
period, 


( 
| xperimental 


experimental 








“OULP BALD 
Pe sesur Jo yuoo aed ie ‘Sul 
sSABD A ul POXIIIOXO YUL BID 
“OUT, BVoOID Poysod ul 
1 


‘potrad 
}UVD LOG $7 DUI [7 ABp 4s[— UO . 


[B}UIUILLadx | 
po} MOIXD OUIBVIID Vix | YUL, Balo 


ints. 


jo ws SSO'O pooy ul POL YSTULOIpy 


« 
< 


Inf 


~ 
_ 
_ 
~ 
oS 

— 
— 
— 
~ 
~ 
_ 
_ 


*poriod 
oun [O1j}U0,) 


CC 


‘9SOJIB] > ulo}OId MOT 
‘UIT9IN 1U90 Jad QI 


wb 


yoofqng 


Creat 


“ON Qusurtiodx7y 


‘PIPN}INOI-N ATH¥ A 














J. L. Gamble and 8S. Goldschmidt 211 


‘ 


These increases are greater than the experimental variations from 


day today. In the first 2 days 73 per cent of the ingested creatine 
is excreted, in 3 days 87 per cent, and in 4 days 98 per cent. The 
figure on the 5th day is still slightly higher than the foreperiod, so 
that the total excretion is 102 per cent. Allowing 10 per cent, a 
very liberal allowance, for a possible variation in the normal 
excretion, the figure for creatine on the 5th day may be considered 
as a return to the normal. Therefore, the average normal excre- 
tion is between 124 and 135 mg. (130 mg.). On this basis we get 
a total extra excretion of creatine of 235 mg., or 89 per cent of the 
amount ingested. 

i:xperiment 4 presents an isolated experiment on creatinine 
ingestion. In a period of 2 days, 62 per cent of the ingested 
creatinine appears in the urine. The daily output during this 
time is still not down to the normal figure of the foreperiod, hence 
it is possible that, had the period been lengthened, more creatinine 
might have been excreted. 

These experiments show no evidence of the conversion of 


ingested creatine into creatinine or vice versa. 


DISCUSSION, 





The results given above show: first, that in the infant small 
amounts of ingested creatine lead to an increased urinary output. 
Second, there is evidence that in infants the ingested creatine is 
nearly or completely eliminated during a period of several days. 
Third, from a comparison with experiments in the literature of the 
behavior of creatine ingested by adult men with the behavior in 
the infants studied by us, the following points are suggested: (a 
smaller absolute amounts of ingested creatine lead to urinary ex- 
cretion of creatine in infants than is the case with adult males; 
(b) ingested creatine is more completely excreted by the infant 
than by the adult male; (c) although the comparison presents 
greater difficulties of demonstration, there is an indication that, 
per kilo of body weight, smaller quantities of ingested creatine 
lead to excretion of creatine in infants than in adult males. 

In Experiments 1 and 5 (Table IL), where the lowest protein 
level obtains, it is found that from 12 to 16 mg. of creatine per 
kilo of body weight or an absolute amount of SS mg. is sufficient 
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to cause an increased urinary creatine of from 35 to 58 per cent 


in 2 days. Under similar conditions in the adult male, Folin® 
found it necessary to administer 6 gm. (in three portions) before 
excretion of creatine is obtained, and even then but 16 per cent 
of the amount ingested is recovered. Klercker!® took 2.06 gm. 
(22 mg. per kilo) of creatine on a low protein diet with failure of 
excretion. Plimmer, Dick, and Lieb'’ are compelled to administer 
2.5 gm. of creatine to an adult man, on an average protein intake, 
before creatinuria occurs. This amounts to 34.7 mg. per kilo of 
body weight. 

On a high protein level (Experiment 3), the excretion in our 
subject is somewhat greater in an equal interval of time than or 
a low level of protein intake. Of the ingested creatine (264 mg. 
or 32 mg. per kilo of body weight), 73 per cent is eliminated in 2 
days, and nearly, if not all, in an interval of 5days. Ona high 
protein level Folin’ found that ingestion of 5 gm. of creatine (in 
three portions) leads to the excretion of 36 to 54 per cent of the 
amount ingested. Klercker finds that under like conditions when 
2.59 gm. are taken (28 mg. per kilo) but 30 per cent of the ingested 
creatine is excreted. 

The results obtained by us are in accord with those obtained 
by Krause!® on older children, although this author did not observe 
the complete excretion of creatine which is indicated in our 
experiment. 

In the normal adult (Folin,® Klercker,’® and Mevers and Fine"), 
there is no such lag leading to a complete excretion of creatine as 
is observed in Experiment 3. 

Powis and Raper '§ found that upon feeding 206 mg. of creatine 
to a girl 4 vears old, with amyotonia congenita, there was an 
increased creatine excretion for 48 hours following its adminis- 
tration, leading to a nearly total elimination of the ingested 
creatine. 

Determinations of creatine tolerance for children and adults of 
both sexes have not been made, and from scattered observations 
in the literature, aecurate comparisons are impossible. However, 
on the basis of our experiments, it seems justifiable to say that 


\7 Plimmer, R. H. A., Dick, M., and Lieb, C. C., J. Physiol., 1909-10, 
\XXIX, 98. 
8 Powis, F., and Raper, H. S., Biochem. J., 1916, x, 363. 
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in the infant the tolerance is much less than in the adult, and, 
furthermore, excretion is more complete in the infant than in the 
adult. 

The significance and bearing of these results on recent work will 
be brought out in the next paper. 


CONCLUSIONS. 


1. Variations in the acid-base intake have no effect on the 
creatinuria of infants. 

2. There is no satisfactory evidence that acidosis per se is a 
factor in the production of creatinuria. 

3. Small amounts of ingested creatine lead to an increase of the 
creatinuria in infants. In a single experiment, on a high protein 
diet, a practically complete elimination of ingested creatine was 
observed. 

4. There is evidence that the infant differs radically from the 
adult in its behavior towards ingested creatine. 
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A STUDY OF CREATINURIA IN INFANTS. 
II. RELATION OF PROTEIN INTAKE TO URINARY CREATINE. 


By JAMES L. GAMBLE ann SAMUEL GOLDSCHMIDT. 


(From the Laboratory of the Department of Pediatrics, and the Hunterian 
Laboratory of Experimental Pathology, Johns Hopkins University, 
Baltimore.) 


(Received for publication, August 2, 1919.) 


Effect on Creatine Excretion of Different Levels of Protein Intake 
Obtained by Giving Milk or Milk Dilutions. 


The relation to creatinuria of various dietary factors has been 
suggested and investigated. Recent investigations seem to in- 
dicate quite definitely a relation of creatinuria to the size of the 
protein intake.! In as far as these observations apply to infants, 
investigators are confronted with the difficulty of administering 
a creatine-free diet. We shall present data in this paper which 
show that, in the infant on a milk diet, the protein intake per sé 
is not entirely responsible for the increased output of creatine 
obtained by increasing the intake of milk. 

One of us? several years ago, during a study of the nitrogenous 
end-products found in the urine of an infant at different levels of 
protein intake, noted that during the period when the least amount 
of protein was given there was an almost complete disappear- 
ance of creatine from the urine. As the quantity of protein in 
the food was increased, the amount of creatine in the urine rose 
steadily. The creatinine excretion preserved throughout the ex- 
periment a closely constant value. During all the experimental 
periods the infant received a normal caloric intake, and the nitrogen 
balance was positive. The size of the protein intake, as a factor 
concerned in determining the quantity of creatine in the urine, 

1 Denis, W., J. Biol. Chem., 1917, xxx, 47. Denis, W., and Kramer, J. 


G., ibid., 189. Denis, W., and Minot, A. S., cbid., 1917, xxxi, 561. 
2 Talbot, F. B., and Gamble, J. L., Am. /. Dis. Child., 1916, xii, 333 
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seemed clearly indicated by this experiment. Folin and Denis*® 
had previously suggested that this effect might be obtained in 
children by varying the quantity of protein given. They based 
their assumption on the theory that the normal creatinuria of 
children is due to a much higher level of protein consumption in 
proportion to body mass than is the case with adults. 

We undertook some time ago to confirm these findings by 
repeating the experiment with several infants. Soon after we 
had begun our work, Denis and Kramer! published the results of 
similarly devised experiments, using as subjects several children 
and one infant. They found a wide difference in the amount of 
creatine in the urine when the excretion on high and low protein 
diets was compared. They conclude, “that the amount of 
creatine found in the urine of children is directly dependent on 
the intake of protein, being high when large quantities of protein 
(creatine-free) are ingested, decreasing and in some cases dis- 
appearing entirely when the child is fed a diet of an extremely 
low protein content.’’ The protein constituents of the high 
protein diet given the children were eggs, cheese, gelatin, and 
milk. A mixture of whole and fat-free milk constituted the high 
protein food of the infant. During the low protein period, the 
infant received 40 per cent cream, oatmeal water, and lactose. 

In the experiments on infants, to be reported in this paper, 
different levels of protein were obtained in quite the same way, 
except that for the low protein periods we used a dilution of 16 


per cent cream. We therefore did not feed so small a quantity 


of protein as did Denis and Kramer,'! which possibly accounts for 
the fact that we did not obtain in any instance a complete disap- 
pearance of creatine from the urine. A proper caloric value was 
obtained in the cream dilutions by the addition of lactose. The 
methods employed have been described in the preceding paper. 


Results of Experiments. 


The results of our experiments are given in Table I. They are 
substantially in agreement with those of Denis and Kramer.' A 
high excretion on whole milk and a low excretion on diluted cream 
is obtained in both instances. Dilutions of whole milk give an 


‘Folin, O., and Denis, W., J. Biol. Chem., 1912, xi, 253. 
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TABLE I, 





Effect on Creatine Excretion of Increasing the Quantity of Wilk Given. 





Urin 













Fore- 


Food period. 


Date : Creatine Weight. 
Nitro- Creat is 










Experiment 1. Subject M, age 14 months; underweight. 








days 


1 
16 per cent cream, 224 cc. 
Water, 896 ce. 5 Mar. 22 70 60 6.5 









Lactose, 56 gm. 


1 whole milk. 


42 O4 ; 







7 gm. protein. 
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2 | i 
$ whole milk + lactose 5 | Apr. 2 76 75 66 i 
417 gm., 1,120 ce. - 3 70 GS ; 


18 gm. protein 








3 . 
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Whole milk + lactose 20 2 Apr. 18 72 Q7 6.7 a 
gm., 1,120 ee. “ 19 71 92 1m 


















36 gm. protein. 
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Whole milk + lactose, 14 | Apr. 30 | SO | 110 6.7 
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TABLE I—Concluded. 


Effect on Creatine Excretion of Decreasing the Quantity of Milk Given. 


Urine. | 
| 


7 Fore- ae : 
Food ind Creatine) Weight. 
perioc t " 
Nitro- Creat- as | 
gen inine ecreat- 
inine 


experiment 2. Subject G, age 10 months; normal infant. 


] days 1917 gm uf mg 


Whole milk -++ lactose 20 13 May 11 109 
gm.. 900 ec. | “ 49 , 108 


30 gm. protein. é : 108 


» 


16 per cent cream, 390 ce. 
Water, 730 ce. 
(3 ‘whole milk. ) 


12 gm. protein. 


9 
0 


Same + lactose, 50 gm. 


47 


intermediate value. It should be noted, however, that in the 
case of Subject M there is still a considerable excretion of creatine 
when the food given is cream diluted four times. We are inclined 
to doubt the possibility that creatine could have been made to 
disappear by giving still less protein. 

The fact that the increase in creatine excretion takes place 
quite gradually, on changing from a low to a high protein intake, 
appears in the tables. In the case of Subject M, the increase in 
creatine excretion on a high protein intake is followed over a period 
of 3 weeks, and even then we cannot be certain that it has reached 
a stationary value. It will also be noted that on changing from 
a high.to a low protein intake (Subject G) the decrease in creatine 


excretion, while it takes place more rapidly, nevertheless requires 
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a period of days to reach a fixed level. In order to indicate the 
relation of this time factor to our results, we have placed in the 
tables, in the column marked “‘foreperiod,’’ the number of days 






the infants were on a given protein intake before the observation 





period was begun. 





Besides the increase in creatine excretion as the level of protein 





intake is raised, there is also a gradual but definite increase in 





creatinine elimination (Subject M). Greatly lowering the protein 





intake produces a well marked decrease in creatinine excretion 





(Subject G). A relation of protein intake to creatinine excretion 





is not discernible in the tables of the results of Denis and Kramer’s 





experiments. 






Effect on Creatine Excretion of Varying the Amount of Whey Given. 







Different levels of protein intake were obtained in the experi- 
ments just described by giving whole milk, whole milk diluted, or ' . 













16 per cent cream diluted. The infants, therefore, received t 
various amounts of cow’s milk. The resultant effect on creatine 1 
excretion is evident. However, from the results of experiments : 
described below, it appears clearly that creatine excretion in a 

4 


infants, fed on cow’s milk, cannot be related directly to protein 





intake per se. 





Although milk has been regularly and largely used as a con- 





stituent of creatine-free diets, it has long been known that milk 





is not credtine-free. The quantity of creatine in cow’s milk has 





been considered so small as to bear no appreciable relation to 


however, Ww hose sole 





creatine excretion. In the case of infants, 
food is milk, and who take a relatively large volume of it, it would 





seem that its creatine content ought to be considered. 





Using the method of Wilson and Plass,* we have obtained figures 





for preformed creatinine of = 1.0 mg., and for creatine of 6 to 11 
mg. per 100 ec. of cow’s milk. Folin’s method® may give results 
equally high. The older infants, with whom we experimented, 







received during the period of high protein feeding more than a 
liter of milk. If the value of creatine content given above is 
q approximately correct, variation in the quantity of preformed 











4Wilson, D. W., and Plass, E. D., J. Biol. Chem., 1917, xxix, 413 
* Folin, O., J. Biol. Chem., 1914, xvii, 474 
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creatine in the food would be sufficient to account for the difference 
between the quantities of creatine in the urine, when large and 
small amounts of cow’s milk were given. We very much doubt 
their correctness. 

Denis and Minot® have recently reported that the values 
obtained by Folin’s method are twice too high. We submit, 
however, that it is extremely difficult to determine the quantity 
of creatine present in milk. We have, by various devices, tried 
to obtain a dependable color of sufficient intensity to read acecu- 
rately, but have been quite unable to attain the conviction that 
we could measure the quantity of creatine present with even 
approximate accuracy. We have had no better success with the 
recently published method of Denis and Minot.® 

In an experiment described in the preceding paper, it was found 
that creatine fed to an infant was excreted apparently quanti- 
tatively. This result greatly increased our suspicion that the 
preformed creatine present in cow’s milk may be a large factor in 
the creatine excretion of infants. Having decided that we were 
unable to test this point directly by measuring the creatine content 
of milk, we undertook to obtain indirect evidence by observing 
the effect on creatine excretion of varying the amount of whey in 
the food. Creatine may reasonably be supposed to be in solution 
in milk. If this is true, its quantity in the infant’s food will be 
proportional to the amount of whey present. 


Results of Experiments. 


The results of these experiments are given in Table II. In 
Kxperiments 1 and 2, three experimental diets were used. The 
infant was first given diluted cream, then undiluted whole milk, 
and, finally, diluted cream plus purified casein to such extent as 
to raise the protein value of the mixture to nearly that of undiluted 
milk. In Experiment 1 the excretion of creatine falls to the same 
low value on the diluted cream plus casein diet (Period 3) as when 
diluted cream alone is given (Period 1), in spite of the fact that 


the protein intake on the former diet is three times that when 
diluted cream alone is given. When the protein intake is increased 
by administration of skim milk (Period 2), the creatine excretion 


6 Denis, W., and Minot, A. S., J. Biol. Chem., 1919, xxxvii, 353. 








TABLE II. 


K ffect on Creatine Excretion of Varying the Quantity of Whey in the Food 









Fore- 


period 








Food Date 


Experiment 1. Subject G, age 10 months; non 








1917 





| gm 9 
16 per cent cream, 590 ce S May 21 O65 51 
Water, 730 ec. ~ ) 2a 60 ao) 7 


Lactose, 50 em 










12 gm. protemn 1.20 63 iv 6.9 





) 


1,120 ee 










Skim milk, 


10 gm. protein 













16 per cent cream, 280 ec. 
Water, S40 ce 


Casein, 30 gm m S3 iS 4 







Lactose, 60 gm 






38 gm. protem 3.84 SI Ht) 8.2 { 


Ps 





experime Subject S, age 8 months; undernourishe: 








| 















16 per cent cream, 168 ce 3 June ) Da) 12 
Barley water, 672 
Lactose, 60 gm. ~ Di 12 





' whole milk. 






= a eter A Ea 


5 gm. protein. 






% 


» 


Whole milk, 900 ce. 10 June 18 ob oo 
19 5: 5S 






a aan Ae, 





30 gm. protein. 








3 
16 per cent cream, 230 ce. s Julv 5 55 tS 


LSE A RIES LR EN A FP NEB IIE IES RGN 6 





Ba ley water, 760 ec. 
Casein, 20 gm. le, 53 17 
Lactose, 45 gm. 







27 gm. protein. 3.03 D4 17 5.9 








TABLE If—Concluded. 
Urine 
= Fore- . , 
Food. period . | Creatine Weight. 
. Nitro- Creat- as 
gen nine creat- 
inine 


Experime nt 3. Subject r ¥ age 16 months: underweight. 


1 days 1915 gm mg mg 
Whole milk, 1,180 ce ‘ , So SO) 


SI! 7S 


st 


Nitrogen, 5.34 gm. 2 | SI 


9 
Water, 1,050 ec. 7 22 IS 
Curd from 1,500 ec. milk. 23 OO 22 
Dextri-maltose, 70 gm. : 91 19 


Nitrogen, 4.20 gm. 2.60 SS 


Kixperiment 4. Subject R, age 2 yrs.; underweight. 


1 | 
Whole milk, 1,120 ce. : Mar. 20 


“ 91 


j | 


Nitrogen, 5.61 gm. 
2 

16 per cent cream, 320 cc. 

Whey, 800 ce. 

Lactose, 24 gm. Sy 99 

Nitrogen, 2.26 gm. 43 | 96 
3 

16 per cent cream, 320 cc. 

Water, 800 ce. 

Casein, 24 gm. 

Lactose, 24 gm. 


Nitrogen, 4.35 gm 3.21 


Experiment 5. Subject C, months; slightly underweig 


1 
Breast milk, 620 ec. 16 | 10 
47 |} 
6% | 1 
Nitrogen, 1.01 gm. 2 | 1 | 11 


») 


16 per ceat cream, 134 ce. 3 51 
W hey, 536 ec. 97) | | 10 
, 7 gm. é | $1] 


Nitrogen, 1.15 gm. | ) 14 


Lactose 


*Computed from a 12 hr. specimen. 
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is markedly increased. In Experiment 2, with a similar experi- 
mental procedure, the same result is not obtained; the creatine 
excretion remains nearly as high on the diluted cream plus casein 
diet (Period 3), as during the whole milk period (Period 2). In 
Experiment 4, however, there is also found a much lower creatine 
excretion on a cream plus casein mixture than occurs when whole 
milk is fed. Although the protein intakes are not exactly the 
same, the difference is slight, and, furthermore, the differences in 
creatine output are out of proportion to the slight variation in 
protein. 

In another experiment (No. 3), four times as much creatine is 
found in the urine on a whole milk diet as when curd without 
whey is given. ‘The effect of diluting cream with whey is 
tested in Experiment 4 and it is found that somewhat more 
creatine is excreted than when the food is whole milk, containing 
more than double the amount of protein. 

We obtained with a 4 months infant a breast milk period (Ix- 
periment 5) and find the excretion of creatine low. Breast milk 
protein is, in contrast with cow’s milk protein, largely composed 
of whey proteins. This infant was then given a cream and whey 
mixture of nearly the same nitrogen value as breast milk, and 
containing casein and whey in approximately the same proportions 
as breast milk. The creatine excretion on this food is four times 
as great as on breast milk. This observation suggests that cow’s 
milk may contain a great deal more creatine than breast milk. 
Inference from the results of this experiment is difficult, however, 
from the fact that the urine during the cream and whey period 
contains double the amount of nitrogen found when the food was 
breast milk, although the nitrogen intake was the same. 

Creatinine excretion is increased in Experiment 1, when the food 
was changed from diluted cream to skim milk, and the same effect 
is obtained in Experiment 4, when whey was added to the 
cream. In both instances the higher value for creatinine excre- 
tion is maintained when the diet was changed to a protein intake 
composed mostly of casein, although on this diet there is, in 
these experiments, a marked decrease in creatine excretion. No 


effect on creatinine was observed in Experiment 2. 
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Creatinuria in Infants. IT 
Discussion of Results. 


The most obvious inference to be obtained from these results 
is that creatine contained in cow’s milk may be a large factor in 
the creatinuria of infants fed on modification of cow’s milk. We 
are altogether uninformed as to the actual value for creatine in 
cow’s milk, and therefore admit the possibility of the presence in 
the whey of a precursor of creatine. One point clearly brought out 
is that the creatinuria of infants cannot be directly referred to the 
total protein value of the milk given. We do not wish to argue 
that the values for creatine excretion obtained by Denis and 
Kramer' in children may have been due to the milk portion of the 
high protein diet used. We feel, however, that the as yet unde- 
termined value for the creatine content of milk makes somewhat 
uncertain the interpretation of the significance of creatinuria when 
milk forms part of a supposedly creatine-free diet. 

The increased creatinine excretion on whole milk and on cream 
and whey may very well have been due to the larger amount of 
creatinine in the food than was the case when diluted cream was 
given. The fact that the creatinine excretion remained high, 
when the high protein intake was composed nearly altogether of 
casein (Experiments 1, 2, and 4), requires some other explanation. 
We can only suggest with diffidence that it is conceivable that 
an increase in endogenous metabolism may have been caused by 
the effect on basal metabolism of the high protein intake. The 
specific dynamie effect of protein has been shown to be very large 
in infants.? 

Steenbock and Gross® have reported an increase of creatinuria 
in starving pigs when they are given casein. The results of our 


experiments on infants are not in agreement with this finding. 


Such a discrepancy of result is not, however, surprising when the 
wide difference in experimental conditions is taken into consider- 
ation. The basis of Steenbock-and Gross’ experiments is a 
starving metabolism, whereas the subjects of our experiments 


received an adequate caloric intake. 


‘ Howland, J., Tr. 15th Internat. Congr. Hyg. and Demog., 1915, Ul, pt. 
y 13S. Hoobl - B. R ‘ Am. ef Dis. Child., L915, _ a 153. 


’ Steenbock, H., and Gross, E. G., J..Biol. Chem., 1918, xxxvi, 265. 
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SUMMARY. 


We present the results of experiments which indicate that the 


creatine excretion of infants bears a relation to the quantity of 
cow’s milk fed, and also results of other experiments which indicate 
that the quantity of whey given is more directly related to the 
degree of creatinuria than is the total protein value of the food. 

On the assumption that preformed creatine in milk modifications 
is in proportion to the quantity of whey present, our results 
suggest that the ingestion of creatine is probably a large factor in 
the creatinuria of infants fed on cow’s milk. The desirability 
of a more definite knowledge of the creatine content of cow’s milk 
is indicated. 


Note.—Since this paper was completed for publication Denis and 
coworkers have published creatine and creatinine determinations on 
human and cow’s milk (J. Biol. Chem., 1919, xxxvili, 453; xxxix, 47), 
using the method of Denis and Minot. The amounts found are smaller 
than those obtained by earlier methods, yet, on the basis of the above 
work, are sufficient to produce changes in urinary creatine upon varying 
the quantities of whole milk fed to infants. The suggestion above, from 
an isolated experiment, that cow’s milk may contain more creatine than 
human milk, is not borne out by Denis’ figures 
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PLACENTAL FEEDING AND PURINE METABOLISM. 


By VICTOR JOHN HARDING anv ELRID G. YOUNG. 


From the Biochemical Laboratory, McGill University, Montreal.) 
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In a previous paper Harding and Fort! made the suggestion that 
if the placenta played an active part in the nutrition of the fetus 
such a réle might perhaps be found in its influence on the purine 
metabolism. This was suggested by the fact that their placental 
preparation proved to be unusually rich in arginine when com- 
pared with other organs of the human body, and also by the fact 
that Ackroyd and Hopkins® had adduced evidence to show that 
arginine and histidine could be regarded as the precursors of syn- 
thetic purines in the growing rat. 


EXPERIMENTAL. 





In order to obtain experimental evidence either for or against 
the supposition, it was decided to institute a series of feeding ex- 
periments in which the influence of the placenta could be con- 
trasted with that of other proteins which might possibly serve as 
reserve sources of one ormore amino-acids for the fetus. Pla- 
cental feeding was compared with muscle feeding, and the effect 
on the exeretion of allantoin and urie acid noted in the growing 
dog (not in the adult). The puppy was chosen as the experimental 
animal, as it gave us the opportunity to use the meat powder and 
placenta in moderate quantities; moreover, the quantity of food 
could be readily controlled, and a sufficient amount of urine was 
available for daily analysis. In addition, we wished to obtain 
evidence on the condition of creatinuria which is present in puppies 
and kittens according to Closson,*® and our experiments were thus 


Harding, V. J., and Fort, C. A., J. Biol. Chem., 1918, xxxv, 29. 
(Ackroyd, H., and Hopkins, T°. G., Biochem. J., 1916, x, 551 


Closson, O. E., Am. J. Physiol., 1906, xvi, 252. 
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designed for a double purpose. Our experiments on creatinuria 
will be reported in a later communication. The kitten was found 
to be unsuited as an experimental animal. Confinement in a 
metabolism cage soon causes loss of appetite in the most robust 
animal. Even with the puppy it was found advisable to insti- 
tute a ‘free’? day every 3 or 4 days to insure a continuance of 
health. On the “free’’ day the puppy received the experi- 
mental diet but was not confined in the metabolism cage. The 
puppies used were usually between 3 and 4 months of age. Before 
the experiment they were kept on an initial purine-free diet, 
mainly of bread and milk. Their weight was recorded at regular 
intervals and showed that they were making satisfactory growth 
before and during the experimental periods. 

A preliminary investigation, in which a number of puppies 
was allowed to eat a diet of bread, milk, and potatoes ad libitum, 
and on which they made satisfactory growth, showed us that about 
100 calories per kilo of body weight could be considered as ample. 
Our experimental diets were consequently based on this figure. 
The following diets were used. 


Content. 


Diet. Weight. ot Calories 
Protein. i Fat. 
gm. gm. gm gm. 
Initial purine-free Ke 16.5 | 62.6 8.6 | 404.3 
ae Be eee , 200 
Bread esses 100 
re ae eee era 15.6 75.0 0.3 373.8 
Potato... ; Scamtedeah |) ae 
Dextrin*. .. ere 35 
Meat powder... PRS He 15 
Placenta Ever Sania 15.6 75.0 0.4 373.9 
SN Fac caresn 6 ocd ads gioiag a Se 250 
Dextrin* ET Senne 35 
Placenta powder............ 15 + 


* Dextrin was sometimes replaced by corn-starch and occasionally in 
part by cane sugar. 


The day’s rations were divided into two portions, supplied in the 
morning and evening, and were greedily eaten by the puppies. The pota- 
toes were always very thoroughly boiled, and whenever corn-starch was 
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used it was made into a paste before being mixed with the remainder of i 
the diet. These details, although seemingly insignificant, proved to be 
essential to the success of the experiments. 


Meat Preparation. 





The meat powder was prepared from lean round steak. All visible fat 
and connective tissue were cut away, and the meat was passed through a | 
mincing machine. The minced meat was then placed in boiling water for 
a period of 10 to 15 minutes. By means of cheese-cloth the coagulated 
mass was strained from the aqueous solution and much liquid fat. It was ' 
then reminced, and boiled again for a second and a third period. By this 4 


time practically all the fat and most of the extractives had been removed. 
After the last filtration, the remainder was spread out on coarse filter 
paper and rapidly air-dried at ordinary temperature. The brittle, dark 
brown material remaining was then ground to a fine powder in a mill and 
kept ready for use in tightly stoppered bottles. When wanted for use, 
the amount required was weighed out and allowed to absorb water before 
adding it to the potato and dextrin or corn-starch. A determination 
of nitrogen by the Kjeldahl method showed 13.6 per cent of the dried 
substance. 


Placenta Preparation. 


The placenta,‘ immediately on delivery, was placed in a jar of sterile 
salt solution, covered by a laver of toluene, and the whole brought to the 





laboratory within a few hours. The fresh placenta was first washed free 
from large masses of clotted blood. Then the umbilical cord and free 
membranes extending beyond the mass of chorionic villi were cut off as 
short as possible. The placenta was next placed ventral side up in a large 
basin and the remaining membrane dissected away. It was found pos- 
sible by this means to remove practically all the large blood vessels. The 
remaining mass was thoroughly washed under the tap, then torn up into 
small pieces and again washed, and finally strained through cheese-cloth. 
The product was then finely minced in a mincing machine, and the remain- 
ing blood was removed by placing this material in tall glass jars through 
which a stream of cold water constantly circulated. To prevent loss of 
material a piece of cheese-cloth was tied over the top of the jar. The wash- 
ing occupied from 6 to 12 hours, depending on the condition of the pla- 
centa. The washed mass was filtered through cheese-cloth and then coagu- 
lated by immersion in boiling water, faintly acidified by acetic acid, for a 
period of 10 minutes. At this stage the coagulated placenta was again 
passed through a mincing machine and subjected to further boiling in 


PR 
































water for another two periods of 10 minutes each. After the final boiling 
‘The placentas were obtained from the Montreal Maternity Hospital, 
and our thanks are due to the authorities for their kindness and cooperation. 
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the mass was filtered at the pump, washed with distilled water, and air- 
dried. It was then ground to a fine powder in a mill, so that it passed 
through an 80 mesh sieve, and was preserved in stoppered bottles until 
required. About 1 kilo of material was thus prepared, representing 
forty-three placentas. A determination of nitrogen showed 13.7 per cent 
of the dry weight. 


Total Purine Determination. 


The two experimental diets are not purine-free. Both the meat 
and placenta contain nucleoproteins and water-soluble purines. 
The total purine content of muscle is given by Burian and Schur° 
as about 0.055 gm. of purine nitrogen per 100 gm. of fresh tissue. 
Placenta has been examined by Wells and Corper® who found 
0.057 gm. of purine nitrogen in 100 gm. of fresh tissue. Thus, in 
the fresh state, the two tissues have practically identical purine 
contents. In both our diets, however, washing of the protein 
had been resorted to, and we felt it incumbent upon us to determine 
directly the purine content of our meat and placental powders. 

30 vin. of meat or placental powder were boiled under a reflux condenser 
with 1 liter of 6 per cent sulfurie acid for IS hours. The residue was 
filtered off and submitted to a further hydrolysis with 500 ec. of 5 per cent 
sulfuric acid for 12 hours. A slight residue from this hydrolysis was ne- 
glected. The filtrates were then neutralized separately by sodium hydrate 
and brought back to a condition of slight acidity with dilute acetic acid 
They were next separately treated at the boiling point with copper sulfate 
as a 10 per cent solution and saturated sodium bisulfite solution, added 


alternately until a pronounced precipitate of cuprous oxide was visible 


The filtrate from the second hydrolysis gave very little precipitate. The 
cuprous purine precipitates were united and decomposed in warm water 
by saturation with hydrogen sulfide. The filtrate and washings from this 


decomposition were next evaporated down to sbout 500 ce., and the purines 
again precipitated by copper sulfate and saturated sodium bisulfite solu- 
tions. Phe decomposition of the cuprous compounds was carried out as 
before, and the purine filtrates were concentrated to about 75 ec This was 


washed into a 100 ce. volumetric flask quantitatively and diluted to the 


mark. \ determination of nitrogen in the solution was made on aliquot 
parts by the Kjeldahl method and the resylts caleulated as purine nitrogen. 
30 gm. of meat powder gave O.O3€0 gm. of N 0.9 per cent of total N 
of meat. 
30 gm. of placental powder gave 0.060 gm. of N 1.47 per cent of total 


N of placenta 


Burian, R., and Schur, H., Arch. ges. Physiol., 1900, Ixxx, 241. 
®’ Wells, H. G., and Corper, H. J., J. Biol. Chem., 1909, vi, 469. 
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The two experimental diets thus differed in their purine content 
by about 12 mg. per day. This small difference is insufficient to 
influence our results, for the differences which we have observed 
are far beyond that figure. In order to follow the influence of the 
placenta feeding upon the purine metabolism, we have determined 
the excretion of allantoin and of uric acid. 


Urine Analysis. 


The total nitrogen was determined by the Kjeldahl-Gunning 
process. The allantoin was determined by the process proposed 
by Plimmer and Skelton.?. We have found this method, or rather 
our variation of it, very useful; and if the allantoin is not too small 
in amount, it gives an accurate determination. The Folin mag- 
nesium chloride method for the determination of urea hydrolyzes 
urea and allantoin into ammonia which, together with the pre- 
formed ammonia, is distilled into an excess of standard acid from 
an alkaline solution. The urea and preformed ammonia were deter- 
mined by the urease method devised by Van Slyke and Cullen.® 
The difference gives the allantoin in terms of ammonia. We have 
modified the Folin magnesium chloride method? to suit our own 
convenience. In its original form, in our hands, it always required 
constant attention. Our modification, though a little more time- 
consuming, can be left unattended while other work is proceeding. 

Pipette 5 ec. of urine into a 200 ce. Erlenmeyer flask, and add 
5 ec. of concentrated HCI from burette and 20 gm. of crystalline 
magnesium chloride, together with a small cube of paraffin wax 
about the size of a marble. The magnesium chloride should be 
ammonia-free or have its ammonia content determined by blank 
tests. It has been our experience that the commercial salt is 
more likely to be ammonia-free than the so called c. p. high priced 
article. A reflux condenser about 45 em. in length and 1 em. in 
diameter is attached to the flask and a large safety thistle tube 
to the upper end of the condenser. The safety tube also carries 
at the top a stopper with a glass tube bent at right angles. 
Without these safeguards we found it impossible to avoid loss by 

Plimmer, R. H. A., and Skelton, R. F., Biochem. J., 1914, vin, 70, 641 


‘Van Slyke, D. D., and Cullen, G. E., J. Biol. Chem., 1914, xix, 211. 
> Folin, O., Am. J. Phusiol., 1905, xiii, 46 
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spraying. Having the condenser jacket empty, a medium sized 
Bunsen flame is played over the bottom of the flask until the 
contents boil fairly vigorously. Regulating the flame to maintain 
this rate of ebullition, the evaporation is continued until marked 
frothing occurs. This takes about 5 to 10 minutes. By gradually 
reducing the size of the flame, the frothing is easily controlled, 
and the concentration is continued until the flame of 1 inch in height 
is reached. This heat just serves to keep the solution boiling and 
is maintained for a period of 2 hours. Occasionally very little froth- 
ing occurs, and in these cases the concentration is continued until 
sach drop of liquid falling back from the condenser causes a marked 
spattering of the contents of the flask. Boiling gently for 2 hours 
continues from this point. The concentration to be aimed at is 
just short of saturation of magnesium chloride at that temperature. 
We have found that the primary boiling hydrolyzes the urea, and 
the second the allantoin. During the second period of boiling 
under constant conditions, a stream of cold water is run through 
the condenser. During this second period the determination 
requires no attention, as there is no danger under these conditions 
of the liquid in the flask becoming alkaline. At the end of 2 
hours, the flask is allowed to cool, and the ammonia determined 
as in an ordinary Kjeldahl operation, using 10 ce. of 10 per cent 
sodium hydrate to render the contents of the distillation flask 
alkaline. 

In order to prove the accuracy of this procedure for the deter- 
mination of allantoin, it was deemed advisable to make tests on 
various concentrations of pure urea and allantoin solutions. The 
urea was determined by the urease method of Van Slyke and 
Cullen, while the Kjeldahl method of total nitrogen estimation 
served to check the mixed solutions. 2.5013 gm. of pure urea 
were dissolved in 100 ce. of distilled water and 0.5005 gm. of allan- 
toin was dissolved in a like volume of water. 


Urea determinations. 


1. By urease method on 0.5 ec. of solution. 
HCl] n/20 NaOH w/20 Urea N 


cc. ce. my. per cc. 
10 1.65 
10 1.65 
10 1.58 
10 1.58 


Average 
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2. By Kjeldahl method on 5 ce. of solution. 
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HCI n/10 NaOH w/10 Urea N 
ce. ¢ mo. per ¢ 
50 8.73 
50 S.70 
Average . 11.69 
Caleulated.... 11.68 


Urea plus allantoin. 


1. By modified method, using 5 ce. of urea + 5 cc. of allantoin solutions. 


HC! n/10 NaOH w/10 N 
cc ce mg. per cc, 
55 6.95 
55 6.90 
i 13.52 
2. By Kjeldahl method 
HC! n/10 NaOH wn/10 N 
ce, ni mg. per 
50 2.00 
50 2.10 
Average Tee 13.54 
eee ee eee 13.47 
\llantoin determined... 1.83 
” calculated 1.79 


The pure solutions were next diluted ten times with distilled 
water and the determinations repeated omitting the Kjeldahl 


estimations. 
Urea determinations. 
1. By urease method on 0.5 ce. of solution. 
HCl 0 01973 ~ NaOH 0 02475 n 


25 18.22 
25 IS. 24 
Average 
Calculated 
Urea plus allantoin 


1. By modified method on 5 ce. of urea + 5 ce. of allantoin. 
HC] w/10 NaOH wn/10 


cc, ce m 
10 3.80 
10 3. 85 
PRS cs aes cs accu es 
eM tts ch oe sla wclaw uke Siren a eae as 
I gs ne bos abe eae ne Adee unles oh ease 
“ 


NN ol Ch A ete PO 5 Bi has ae 


mg. per cc, 


1.157 


1.168 


N 


per cc, 


ee ee 


a 


eee 
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TABLE I. 
Urine Analysis. 
Pappy W. 


diet Placenta diet. 


N. 

N. 
N. 
N. 


Allantoin 
N 

Urie acid 

Creatinine 

Allantoin 

Uric acid 


' 
mg. mg. mg.| 1418 : mg mg 


nt AN 


. 
099 784.3 .25.38'24.9811.45|4PP: 18 Free day. 


H 
,032 651 .2'24.83'72.800.33) “ 14) 1.615 1,154 |25.65) 92.45 
JOS9 1,113 :24.30 1.00} “ 15) 1,503 | 955.425.70215.01) 8.- 
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TABLE Il. 
Urine Analys 
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Uric acid was determined colorimetrically by the Folin-Ma- 
callum'® method as modified by Benedict and Hitcheock." In 
the earlier part of the experiments, we were much troubled by 
turbidity arising in the solutions, but on using the modified 
Benedict uric acid reagent,” this difficulty disappeared. 

As a check on the collection of urine, creatinine was determined 
by the micro method of Folin,’ using creatinine zine chloride as 
a standard, and picric acid purified according to the method of 
Folin and Doisy. The creatine determinations also formed an 
essential part of the investigation on creatinuria. The urines were 
preserved under toluene and all analyses were carried out within 
36 hours. With the diets adopted we were untroubled by any 
fecal contamination of the urine. Glucose was absent from all 
urines as judged by Benedict’s qualitative test. Likewise aceto- 
acetic acid was never observed, although tested for by the nitro- 
prusside method of Harding and Ruttan.'® The results are given 
in Tables I to III. 

The protocols of the allantoin determinations and the weight 
records are appended in Tables IV, V, and VI. 


























TABLE IV. 
Weight Records. 





Date Puppy Puppy 
f W. ; 


» , 
up Date. Puppy 


1918 gm. gm. 1918 gm. 













3 June 20 2,840 
6 3,010 2,695 = 3,105 
10 3,100 2,730 “- @ 3,140 
13 3,165 2,790 July 4 3,160 
17 3,320 2,855 “ s 3,250 
?0 3,400 2,975 = 2 3,460 
=“ 3,270 

~ 3,410 


‘0 Folin, O., and Macallum, A. B., J. Biol. Chem., 1912, xi, 265. 

'! Benedict, 8S. R., and Hitcheock, E. H., J. Biol. Chem., 1915, xx, 619. 
Neuwirth, L., J. Biol. Chem., 1917, xxix, 478 (Note 4). 

Folin, O., J. Biol. Chem., 1914, xvii, 469. 

“ Folin, O., and Doisy, E. A., J. Biol. Chem., 1916-17, xxviii, 349. 

'> Harding, V. J., and Ruttan, R. F., Biochem. J., 1912, vi, 445. 
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TABLE V. 


Allantoin Determinations. 


Puppy W. 
HCI ~/10 | NaOH ~/10) Allantoin N 


ce. mg. per cc. 
1.90 0.18 
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e 0. 
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20 
20 
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Allantoin N. 
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0.201 
0.492 
0.250 
0.545 
0.490 
0.480 
0.700 
0.449 
0.462 
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0.228 
0.286 
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DISCUSSION. 


It is evident from an inspection of the figures given in Tables I to 
III that the feeding of placenta resulted in an increase in the exere- 
tion of both allantoin and uric acid. The smallest rise is shown by 
Puppy G, but even here the result is beyond the range of experi- 
mental error. Large fluctuations occur in the allantoin excretion: 
so large that in two cases the variations overlap in the two experi- 
mental periods, and at first led us to believe that there was 
something fundamentally wrong with our analytical technique. 
A revision of this, however, failed to show any serious error from 
this source except that it was realized afresh that extreme care 
must be taken over the allantoin determinations when there was 
only a small amount present. As a further check, however, the 
uric acid was determined. ‘This, in the case of Puppies W and G, 
was made some weeks after the other analyses, but in Puppy N 

it was carried out concurrently with them. As the uric acid 

figures show a similar increase during the period of placental 

feeding, we were confirmed in our opinion that the latter diet 

resulted in an increase in purine metabolism when contrasted 

with meat or muscle feeding. Furthermore, in Puppy N a return 

to the original meat diet led to a prompt drop in the allantoin 

and uric acid to their original level. The increase on the placenta 

diet is too large to be ascribed to the difference in purine content 

of the two diets. In the meat diet 18 mg. of purine N were supplied 

per day; in the placenta diet this was increased to 30 mg. per day, 

giving the small difference of 12 mg. of purine N in favor of the 

placenta diet. This was the same for each puppy. The total 

increase in purine N estimated in the urine (allantoin N plus uric 

acid N) was 41.65, 99.63, and 118.60 mg. respectively for Puppies 

G, W, and N. 

The possibility, too, of increased purine catabolism due to mere 
stimulation may also be dismissed. Both diets possessed the same 
nitrogen content, both were equally well absorbed, and similar 
amounts of nitrogen were found in the urines of the two periods. 
Both meat and placenta had been deprived of their extractives by 
water. It would appear then that the cause of the difference in 
the purine excretion under the two diets must be sought in their 
amino-acid make-up. , 
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In an important paper entitled ‘“‘ Feeding experiments with 
deficiencies in the amino-acid supply: arginine and histidine as 
possible precursors of purines,’” Ackroyd and Hopkins,* as men- 
tioned before, came to the conclusion that these two amino-acids 
either together or separately can act as the raw material for the 
synthesis of purines in the animal body. It is a generally accepted 
fact that such a synthesis occurs, and naturally the presence of 
the glyoxaline ring in both purines and histidine, and a similarity 
of arrangement of carbon and nitrogen atoms in arginine and the 
pyrimidine nucleus, had long ago pointed to these two particular 
amino-acids as the probable source of such a synthesis. Abder- 
halden together with Eimbeck'® and Schmid!’ had attempted to 
obtain experimental evidence in favor of such a connection without 
success. Ackroyd and Hopkins owe their positive evidence to a 
better selection of experimental conditions. They point out that 
in the adult animal such a synthetic process is of necessity at a 
minimum, and the evidence may well escape observation. Also 
that to supply an animal either in full nutrition or in a fasting 
condition with a large amount of an amino-acid suddenly is to 
supply it in excess of its current needs and to insure its catabolism 
by the most rapid path. If there now exists any alternative, a 
path involving a synthesis would be avoided.'® 

In their evidence, Ackroyd and Hopkins observe the effect on 
growth and upon the excretion of allantoin in the growing rat of 
the withdrawal of arginine and histidine from the diet. The orig- 
inal diet, which was entirely adequate, contained caseinogen as 
its protein. The caseinogen was hydrolyzed by acid and trypto- 
phane and cystine was added, thus rendering it complete in 
regard to its amino-acid make-up. On this diet the rats made 
satisfactory though not entirely normal growth. The removal of 
arginine and histidine led to a prompt loss in body weight and a 


'6 Abderhalden, E., and Einbeck, H., Z. physiol. Chem., 1909, Ixii, 322. 

7 Abdeihalden, E., Einbeck, H., and Schmid, J., Z. physiol. Chem., 
1910, Ixviii, 395. 

'S The acceptance of this argument involves the assumption of the rapid 
adaptability of the organism. Otherwise the presentation of a large 
amount of a particular amino-acid would involve its metabolism by all 
paths in accordance with the active masses of material and the relative 


rates of the chemical reactions. 
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fall in the allantoin excretion of 40 to 50 per cent. The with- 
drawal of only one of the two amino-acids, however, was followed 
by maintenance of weight, occasionally with a slight rise, and a 
drop in the allantoin excretion of about 17 per cent. It would 
seem as though arginine or histidine acted independently as an 
essential amino-acid, and functioned as a raw material for the 
synthesis of the purine ring in the growing rat. The fall in allan- 
toin excretion is not a direct outcome of the drop in body weight 
occurring on the withdrawal of arginine and histidine, as the 
removal of trytophane from the dict occasions a loss in weight 
without a corresponding decrease in the allantoin excretion, 
although irregularities in the purine metabolism were noticed in 
one case. 

In attempting to contrast our two experimental diets, we were 
surprised to find no analysis of lean round steak made according 
to the Van Slyke method. We therefore utilized as the basis of 
our calculations the results of Thrun and Trowbridge!’ on a veal 
composite. In Table VII is given the amino-acid content of meat 
and placenta diets calculated in this way. We have also included 
the average results of two analyses of human skeletal muscle 
made by Drummond.”° The figures for the veal composite and 
human muscle do not differ markedly. 

An inspection of the table shows that the meat diet is high in 
lysine as compared with the placenta diet and low in arginine. 
Taking its arginine and histidine content together, the placenta 
diet represents an increase of 50 per cent. As no special function 
has as yet been discovered for lysine, and as the results show that 
an interpretation of our experimental figures must be sought in 
an increment in the placental diet, we are inclined to look upon 
our results as strongly supporting those of Ackroyd and Hop- 
kins. We should also like to emphasize that in our experiments 
the uric acid excretion was increased, as well as the allantoin 
excretion, during the period of placental feeding. This we think 
important in view of the results of Benedict” on the purine metab- 
olism of the Dalmatian hound in which the allantoin and the uric 


19 Thrun, W. E., and Trowbridge, P. F., J. Biol. Chem., 1917, xxxiv, 
343. 
20 Drummond, J. C., Biochem. J., 1916, x, 473. 
*t Benedict, S. R., J. Lab. Clin. Med., 1916-17, ii, 1. 
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acid do not always follow parallel excretory paths. The increase 
in the uric acid shows unmistakably, in our minds, a synthesis of 


an actual purine ring. 

Moreover, it should be again pointed out that in our experi 
ments the animals were in full nutrition, as evidenced by their 
growth records. The high arginine and histidine diet resulted in 
an increase in the synthetic processes. In this respect our experi- 
ments differed markedly from those of Ackroyd and Hopkins, and 
our results are not in accordance with some of the postulates 
expressed in that paper.” 


TABLE VI 


Veal com- | Human 


Placenta — posite* skeletal 

Nitrogen partition. (Harding ‘a yy * \(Thrun and) Meat diet muscle 

and Fort)! _ Trow- | | (Drum- 

bridge) | mond) 

per cent mg. perday| percent | mg. perday| percent 

— : = | ~ | - « | _ = 

Arginine N. 22.54 | 450.8 | 13.3 | 266.0 11.17 

Histidine N 3.12 62.4 5.0 | 100.0 | 4.25 

Lysine N 7.22 144.4 | 13.5 | 270.0 | 13.15 

Cystine N 1.36 a .2 1.00 20.0 | 0.85 
- ~ ~ | . - ro 

Monoamino N 51.15 60.50 58.00 

Non-amino N 5.85 4.30 


* Calculated from figures given in Table II, by Thrun, W. E., and Trow- 
bridge, P. P., J. Biol. Chem.., 1917, XXXIV, 351. 


Lastly, how far these results may be taken as indicative of a 
function of the placenta is a matter for further experimental 
inquiry. It is certain that the high arginine content of the pla- 
centa, its ready hydrolysis by all classes of proteoclastic enzymes,” 
and the formation of allantoin and uric acid in feeding experi- 
ments with the young dog would go to show that one of its possible 
functions may be to act as a reserve store of arginine for purine 
synthesis in the fetus. The results of Lewis and Doisy,™ who by 
feeding men diets high in arginine and histidine were unable to 
obtain any increase in the uric acid output, need not be considered 
as antagonistic to our view. With adolescence may come a cessa- 
tion or an impairment of the synthetic processes. 


22 Harding, V. J., and Young, E. G., J. Biol. Chem., 1918, xxxvi, 575. 
*3 Lewis, H. B., and Doisy, E. A., J. Biot. Chem., 1918, xxxvi, 1. 





AL CHI 





THE JOt MISTRY, VOL. XL, 





RNAL OF BIOLOGK 





we oe 


on 
























sg Pain os am aN ermal Sas Toa Tar sa O 


i nh eh es ese, SI 


sopyetes 
Oe 


i 
i 
4 


242 Placental Feeding and Purine Metabolism 


SUMMARY. 


From comparative feeding experiments on young dogs with 
equivalent diets containing muscle protein and placenta protein, 
the excretion of allantoin was found to rise markedly on the 
placenta diet. 

The excretion of uric acid parallels that of allantoin and the 
conclusion is drawn that the comparatively large amount of argi- 
nine present in the placental diet is responsible for the increase 
in purine metabolism. 

A modification of the Plimmer and Skelton method of deter- 
mining allantoin is described and proofs of its accuracy are given. 





